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FOREWORD 


MAPSEP (Mission Anslysis Program for Solar Electric Propulsion) 
is a computer program developed by Martin Marietta Aerospace, 

Denver Division, for the NASA Marshall Space Flight Center under 
Contract NAS8-29666. MAPSEP contains the basic modes: TOPSEP 

(trajectory generation), GODSEP (linear error analysis) and SIMSEP 
(simulation). These modes and their various options give the user 
sufficient flexibility to analyze any low thrust mission with respect 
to trajectory performance, guidance and navigation, and to provide 
meaningful system related requirements for the purpose of vehicle 
design. 

This volume is the second of three and contains the input/ 
output description of MAPSEP and other user related information. 

Other volumes relate to analytical program descriptions and to 
program logical flow. 
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1. INTRODUCTION 

This manual provides the user of MAPSEP (Mission Analysis 
Program for Solar Electric Propulsion) with all the information 
necessary to input the program and to obtain meaningful output. 

In addition to listing all the input variables, their definitions, 
units, etc., there are chapters discussing recommended usage and 
limitations, and sample runs. 

MAPSEP is composed of three primary modes, each of which 
performs a given function in a trajectory analysis. TOPSEP 

i 

(Targeting and Optimization for SEP) evaluates performance by 
generating realistic integrated trajectories which meet whatever 

' • 

mission and system constraints are imposed by the user. GODSEP 
(Guidance and Orbit Determination for SEP) evaluates trajectory 
dispersions, using linear error analysis techniques, in the presence 
of dynamic and navigation uncertainties. SIMSEP (Simulation 
for SEP) deterministically simulates single or multiple trajectories 
in the presence of discrete system errors. 

For the user who is unfamiliar with MAPSEP, it is recommended 
that he first study, briefly, Chapters 2 and 3 on Input and Output, 
respectively , to familiarize himself with some of the nomenclature 
end options. Next, a careful study of Chapter A on Operating Guidelines 
will yield considerable insight on MAPSEP Usage. The user can then 
return to Chapters 2 and 3 for specific information on his particular 
application. Finally, as additional background information, it is 
recommended that the Analytic Manual (Reference 1) and Program Manual 
(Reference 2) be referred to extensively. 


2.0 INPUT 


The basic input to MAPSEP is in the form of namelist data, fixed 
field cards and magnetic tape. This chapter describes all available 
input. Chapter 4 will discuss the organization of this input for 
specific analysis functions. 

All MAPSEP modes require the namelist 0TRAJ which contains refer- 
ence trajectory and spacecraft characteristics. If desired, this 
namelist can be written on a disc file (STM) and eventually stored on 
magnetic tape to facilitate later runs or stacked cases in the same 
run. Following S$TRAJ is mode peculiar input. 

The reference trajectory generation mode (TOPSEP) requires the 
namelist gT0PSEP to follow 0TRAJ. 0T0PSEP contains parameters that 
determine the strategy for generating a trajectory which meets 
desired target conditions and mission constraints. The reference 
trajectory defined in 0TRAJ is used as the initial guess. 

The linear error analysis mode (GODSEP) requires the namelist 
$G0DSEP immediately after #TRAJ. $G0DSEP contains system uncertain- 
ties and navigation and guidance related data to perform a covariance 
analysis about the reference trajectory. Following 0G0DSEP, fixed 
field cards are input to describe measurement and propagation sched- 
ules. Two disc files or tapes are often used: STM and GAIN. The~e 
files contain trajectory and transition matrix data (STM) and a-priori 
cdvariances and orbit determination filter gains (GAIN) to improve 
computational speed and to provide additional flexibility. Another 
namelist 2GEVENT is optional and contains guidance event information. 
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The trajectory simulation mode (SIMSEP) requires the namelist 
^SIMSEP to follow $TRAJ. gSIMSEP contains parameters which describe 
the sci>pe of the simulation, expected dynamic errors, and cumulative 
statistics from previous SIMSEP runs. Following ^SIMSEP are a set 
of #GUID namelists, one for each guidance correction maneuver. #GUID 
describes the strategy, knowledge or estimation uncertainties and 
cumulative statistics for that particular maneuver. 

The trajectory display node (REFSEP) requires only the namelist 
STRAJ followed by scheduling cards, similar to those used in GODSEP. 

The fixed field schedule cards define: types of data displayed, span 

of interest, and frequency of printout. 

For those users who can vary the amount of blank common storage in 
their runs, a guideline to estimate the total MAPSEP core requirements 
is given below. Blank common length is related directly to the dimen- 
sion of the dynamic state (NDIM) used in transition matrix (STM) com- 
putation, and, the total augmented (knowledge) state (NAUG). The values 
of "program" and "blank common" must be added to compute the total decimal 
core for a CDC 6500. Other operating systems must scale these requirements 
appropriately. 

TOPSEP: program = 23400 ? (N = number of 

blank common = 800 + 68(N)+(N)' control para 

N meters) 


GODSEP: program = 23900 2 

blank common = 100 + 9 (NDIM) (if STM created) 

=100+9 (NDIM) 2 + (if STM used) 

5 (NAUG) 2 „ 

= 100 + 13 (NAUG)' (if PDOT used) 

SIMSEP : program = 39100 * . (N = number of 

blank common = 900 + N (NAUG) 2 guidance 


REFSEP: program + blank common = 21000 


I 
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The namelist $TRAJ, which is read in by DATAM, contains reference 
trajectory and spacecraft related information for ballistic or low thrust 
missions. Many of the variables have adequate default values such that 
the user only has to input those which are different. The variables are 
grouped as either trajectory, spacecraft or miscellaneous parameters. 

Namelist .^TRAJ : 

a) Trajectory Parameters: 

j . ■: ' 

Variable Dim Default Units Definition 

STEP 1 . 0.05 - Scaling factor, of the inte- 

gration step size. 



B0DY1N 16x1 This array allows the user 

to input ephemeris data for 
a body that is not already 
included in MAPSEP (Planet 
Code is 10). The default 
vhlues are those of the 
comet Encke. Orbital ele- 
ments are of the form 

X(t) = X + * t where X 
o o 

is a constant, o£ is the 

rate of change and t is the 

time in Julian Centuries. 


B0DYIN(1) 

2444580.0 

days 

j i * 

Julian date of ephemeris 
epoch. 

B0DYIN(2) 

. 500.0 

tarn 

Mean equations 1 radius. 

B0DYIN(3) 

1000.0 

ten 

Radius of the sphere of 
influence. 

B0DYIN (4 ) 

10- 9 

tan^/sec^ 

Gravitational constant. 


5 


Variable 

Dim 

Default 

Units 

Definition 

B0DYIN(5) 


33180812.67 

km 

Semi -major axis (a). 

B0DYIN(6) 


0.0 

Km/J.C.* 

Time derivative of the semi 
major axis. 

B0DYIN(7) 


0.847 


Eccentricity (e). 

B0DYIN(8) 


0.0 

1/J.C. 

"| • 

Time derivative of the 
eccentricity. 

B0DYIN(9) 


11.95 

deg 

Inclination of the orbit 
plane (i). 

B0DYIN(1O) 

« 


0.0 

deg/J.C. 

Time derivative of the 
inclination. 

B0DYIN(11) 


334.2 

deg 

Longitude of the ascending 
node ( il ) . 

B0DYIN(12) 


6.0 

deg/J.C. 

Time derivative of -fl . 

B0DYIN(13) 


160.2 

deg 

Longitude of periapsis (6J) 

B0DYIN(14) 


0.0 

deg/J.C. 

Time derivative of <*) . 

B0DYIN(15) 


0.0 

deg 

Mean Anomaly (M) at ephem- 
eris epoch. 

B0DYIN(16) 


0.0 

deg/J.C. 

Mean motion .(n); computed 
internally if input Is zero 

DRMAX 

1 

10 3 

km 

Maximum deviation from the 
reference conic before 
rectification. 

FRCA 

1 

0.4 

- 

Scale factor of the target 


planet semi-major axis used 
•8 the maximum S/C- target 
distance below which the 
closest approach test begins 
this avoids local minima, or 
"false" closest approaches* 
especially for inner planet 
missions. 

* - J.C. is a Julian Century (36525 days exactly) 
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Variable 

Dim 

Default 

Units 

Definition 

IAUGDC 

10 

10*0 


Flags used to identify the 
augmented dynamic state for 
GODSEP in the STM file gen- 
eration submode. Non-zero 
entries will activate a para- 
meter. 

IAUGDC(I) 




S/C position and velocity 
vectors 

IAUGDC (2) 




Thrust bias: proportionality 

cone and clock. 

IAUGDC (3) 




Heliocentric state of ephemer 
body. * 

IAUGDC (4) 




Gravitational constant of 
ephemeris body. 

IAUGDC (5) 




Gravitational constant of 
sun . 

IAUGDC (6) 




Not used. 

IAUGDC (7) 




Not used. 

IAUGDC (8) 




Not used. 

IAUGDC (9) 




Not used. 

IAUGDC (10) 




Not used . 

IC00RD 

1 

0 


Planet code (see next page) 


of reference body of input 
state (STATE); positive 
values indicate 1950.0 eclip- 
tic inertial coordinates; a 
value of -3 indicates geo- 
centric equatorial coordinates. 
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Variable 

Dim 

De fault 

Units 

Definition 

IST0P 

1 

1 

«» 

The trajectory termination 


f|lag. There are four pos- 
sible criteria for terminat- 
ing the trajectory. 


* 1, final time (TEND) 

* 2, closest approach 

* .3, sphere of influence 

* 4, stopping radius (RST0P). 


MB 

11 

11*0 


This array is used to input 
the bodies to be considered 
in the trajectory propaga- 
tion. The entries in NB, 
correspond to the non-zero 
values of the planet codes. 
The sun is automatically 
included. 

NEP 

1 

0 


Planet code ofephemeris 
body in IAUGDC(3); internally 
set to NTP if entered as 
zero. 

NTP 

1 

0 

- 

The planet code of the tar- 
get body. 

RST0P 

1 

31096.5 

km 

The stopping radius must be 
specified when IST0P is set 
to 4. The default value is 
set for a synchronous Earth 
orbit. 

STATE 

6 

6*0.0 

kin* 

km/sec 

The initial position and 
velocity vector of the 
spacecraft. (See IC00RD). 

TEND 

1 

0.0 

days 

The trajectory termination 
time. relative to 

launch. The input may be 
fiill Julian Date or days 
from launch. 

TLNCH 

1 

0.0 

days 

The Julian Date of the tra- 


jectory epoch (launch). 
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Variable Dim 

Default 

Units 

Definition 

TSTART 1 

0.0 

days 

The trajectory time associ- 
ated with the input state. 
This can be a Julian Date 
or days from launch. 

XB0DY 1 

6HENCKE 

- 

Hollerith label for the 
input body (B0DYIN) . 

b) Spacecraft Parameters: 



Variable Dim 

Default 

Units 

Definition 

ENGINE 20 


This array defines the space- 
craft thrust subsystem 
(Section 4.1, Reference 1). 

ENGINE (1) 

21.65 

KW 

Useful power from the solar 
array a t 1 AU (P q ) . 

ENGINE (2) 

.65 

KW 

Housekeeping power (P^) . 

ENGINE (3) 

21.65 

KW 

Maximum power when r^ r . 

(P ). See ENGINE (9). min 
max 

ENGINE (4) 

1.4382 

- 

Power Constant (C^). 

ENGINE (5) 

0.0 

- 

Power Constant (C^). 

ENGINE (6) 

-0.2235 

- 

Power Constant (C^). 

ENGINE (7) 

0.0 

- 

Power Constant (C^). 

ENGINE (8) 

-0.2147 

- 

Power Constant (C^). 

ENGINE (9) 

1.0 

AU 

Heliocentric distance for 

which the power is a maximum 

(r . ) . 
min 

ENGINE (10) 

29.418 

km/sec 

Ion exhaust velocity (c). 

ENGINE (11) 

1.0 

- 

Thruster efficiency C^). 

ENGINE (12) 

0.0 

1/sec 

Power loss (P^). 

ENGINE (13) 

0.0 

days 

Time decay of power loss 
prior to start of the 
mission. 


mm 
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Variable 

Dim 

Default 

10 

Units 

Definition 

ENGINE (14) 


- 

- 

Not used. 

ENGINE (15) 


>1.0 

(meters) ^ 

Radiation pressure coeffi> 

cient times the effective 

cross-sectional area of the 

solar arrays (C A). If negative 
R 

no radiation pressure. 

ENGINE (16) 


1.0 


Scale factor on ENGINE (15) 

when r < r . . 

mm 

IENRGY 

1 

1 


This flag determines the 
type of power subsystem. 

0 - Ballistic 

1 - Solar Electric Power 

2 - Nuclear Electric Power 

SCMASS 

THRUST 

1 

10x20 

2000.0 

kg 

Spacecraft mass at TSTART. 

This array defines the 
thrust control policy for ■ 
the trajectory. Each 
column contains the controls 
for each segment of the tra- 
jectory for i = 1 to 20 
segments. (Section 4.1, 
Reference 1). 

THRUST (l,i) 


9.0, 

19*0. 


= 0.0, last thrust phase; 

= 1.0, the thrust coordinate 
system is Cone and 
Clock angle; 

= 2.0, the thrust coordinate 
system is In Plane 
and Out of Plane angles; 

= 9.0, coasting. 

THRUST (2, i) 


20 

20*10 

days 

Days from launch for which 
the i tn phase ends. 

THRUST (3, i) 


20*1.0 


Throttling level (T^). 

THRUST (4, i) 


20*0.0 

deg 

Cone angle when THRUST (l,i) = 
1.0. In plane angle when 
THRUST (l,i) = 2.0. 

THRUST (5, i) 


20*0,0 

deg 

Clock angle when THRUST (1,1) = 
1.0. Out of plane angle when 
THRUST (l,i) = 2.0. 
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Variable Dirt 

De fault 

Units 

Definition 

THRUST (6, i) 

20*0.0 

deg/sec 

i 

Cone angle rate when THRUST 
(l,i) = 1.0, In plane angle 
rate when THRUST(l.i) = 2.0. 

THRUST (7,i> 

20*0.0 

deg/sec 

Clock angle rate when THRUST 
(1,1) - 1.0. Out of plane 
angle rate when THRUST (l,i) 

2.0. 

THRUST (8, i) 

20*1.0 

• 

The number of thrusters. 
This is required only for 
G0DSEP and SIMSEP. 

THRUST (9, i) 

- 

- 

Not used. 

THRUST (10, i) 


- 

Not used. 

ZK 

o, 0, 1 

• 

Direction cosines of the 
star used as a reference 
for the Cone and Clock 
system. Default value is 
the south ecliptic. 


c) Miscellaneous Parameters 


Variable 

Dim 

De fault 

Units 

Definition 

EDIT 

.1 

50 

50*0.0 

- 

This array is used for stor- 
age related to temporary 
program modifications. 

IPRINT 

1 

0 

. m 

This flag controls trajectory 

print. 


> 0, Print every IPRINT 
Integration steps* 

• * 0, No print. 

■ -1, Print every XPRINT 

days . 

■ -2j Print every event. 

IPRINT - -1 should rarely be 
used, especially in the 
60DSEP mode. .It is suggested 
to Set IPRINT * 20000. The 
result will be prints at 
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Variable Dim Default Units Definition 

initialization^ every 
primary body and thrust 
control phase change, and 
at termination. 

ISTMF 11 - This flag is used in con- 

junction; with the STM file 
and the namelist 0TRAJ. 

= 0, Ignore. 

= 1, Write the namelist 

0TRAJ onto disc; create 
, the STM file if the 
mode is GODSEP. 

=2, Read #TRAJ from disc; 
read the STM file if 
the mode is GODSEP. 

= 3, The same as 2, but also 
read the a-priori covar- 
iances from the GAIN 
file if the mode is 
GODSEP. 

= 4, Read $TRAJ from disc and 
update with a second in- 
put 0TRAJ namelist* 


M0DE 

1 

2 


This flag indicates the operat- 
ing mode of MAPSEP. Positive 
values will recycle back to 1 

MAPSEP main, while negative 
numbers will return to the 
main of the mode. This fea- 
ture allows the user to run 
stacked cases. 





f +1, Targeting and Optimization 
(T0PSEP) . : 

= +2, Error Analysis (G0DSEP) . 
f+ 3, Simulation (SIMSEP). 

PRNML 

1 

F 

- 

Do (T) , do not (F) print in- 
put namelist §fTRAJ 

XPRINT 


10 20 

days 

Trajectory print frequency. 

Must be specified when 
IPRINT - -1 (MPRNT = -1 N 

: in $T0PSEP) f : 
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d) REFSEP Parameters 


Variable 

Dim 

Default 

Units 

ELVMIN 

1 

0. 

deg 

I(fBS 

1 

9 

- 

KARDS 

1 

0 

- 

STAL0C 

3x9 


Mixed 


Definition 

Minimum elevation angle for 
tracking S/C or target body 

Column in STAL0C array con- 
taining the station loca- 
tion of the astronomical ob- 
servatory (see STATIC below) 

Number of formatted print 
schedule cards to be read in 
after the $TRAJ namelist 

Array of station locations in 
either of the following sets 
of units (if STAL0C (1,I)>90., 
then cylindrical coordinates 
are assumed, otherwise, 
spherical) . 

STAL0C (1,1) = spin radius (km) 
STAI^C (2,1) * longitude (deg) 
STAL0C (3,1) = Z-height (km) 
or 

STAI^C (1,1) = latitude (deg) 

STAL0C (2,1) = longitude (deg) 
STAL0C (3,1) = altitude (km) 

default stations are: 

1 - Go Id stone (5200.234, - 116.833, 

3693.429) 

2 - Madrid (4855.414, -3.667, 

4134.766) 

3 - Canberra (5204.135, 149.136, 

-3686.233) 

9 - Kitt Peak (4185.171, 250.000, 
4814.489 

Note: STAL0C is also an input 

parameter to $G0DSEP with the 
same meaning. 
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2.2 TOPSEP Input Description 

The input for the TOPSEP mode is transmitted via the namelists 

* 

$TRAJ and $T0PSEP. $TRAJ contains the basic trajectory and space- 
craft information for a nominal low thrust mission. $T0PSEP contains 
the necessary parameters to alter the nominal trajectory in order to 
obtain a more desirable trajectory. All namelist vairables assume 
the program default values if they are not specified by input. In 

addition, once a variable has been set by namelist input or by 
default, it will resume that value at the beginning of all succeed- 
ing stacked cases even though the value may have been changed by 
the program during any one stacked case. 


Namelist flT0PSEP ; 


Variable 

Dim 

Default 

Units 

Definition 

BT0L 

1 

.05 


Tolerance on control bounds 


within which a modified con- 
trol correction may be imple- 
mented (See Page 143). 

The tolerance region within 
the minimum and maximum 
bounds (ULIMIT (1,1), ULIMIT 
(1,2)) is defined by BT0L x 
(ULIMIT (1,2) -ULIMIT (1,1)). 

DFMAX 1 1000. - Maximum increase allowed in 

the cost index per iteration 
(decimal percent of nominal 
cost index value) (See Page 
: ' 146 ) 

DP2 1 0.04 • - . Estimated region of linearity 

(See Page 150) . 
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Variable 

Dim 

Default 

Units 

Definition 

EPS0N 

1 

0.0 


Scalar multiple for control 
perturbation; if no accept- 
able control step, then a 
new sensitivity matrix will 
be calculated based upon the 
revised perturbations 
H(I, J) = H(I,J) X EPS0N. 

G 

20x1 

20*0.0 


Performance gradient (may 
be input if available from 
a previous computer run) 
(See Page 146). 

GTRIAL 

5x1 



One-dimensional search 


constants (See Page 144). 
Let P = P (T) be the func- 
tion to be minimized (the 
cost index and/or the error 
index) and T be the step 
size scale factor to be 
optimized, then 


GTRIAL (1) 

0.1 


Tj , . may not be less than 
T i x GTRIAL (1). 

GTRIAL (2) 

5.0 

- 

"iT may not be greater than 
GTRIAL (2). 

GTRIAL (3) 

0.01 


If the of V i+1 to T ± 

is less than GTRIAL (3) then 
P(T) is considered minimized. 

GTRIAL (4) 

l.E-15 


If the L% of the estimated 
P^ to the actual P£ is less 
than GTRIAL (4) then P(V) is 
considered minimized. 

GTRIAL (5) 

4.0 

■ • 

Real flag designating the 
extent of the curve fitting 
in the new control direction. 


- 1., two-point-one-slope fit; 
=2., three- point -one -slope 

fit; 

- 3. , three-point fit; 

- 4. , four-point fit. 

(e.g., GTRIAL(5) = 4. indi- 
cates that all four 
curve fitting tech- 
niques may be applied 

in the preceding order). 
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Variable 

H 


H(l,21) 

H(2,21) 

H(3,21) 

H(4,21) 

H(5,21) 

M(6,21) 

H(7 ,21) 

H(8 , 21) 

H(9,21) 

H(10,21) 

H(l,22) 

H(2,22) 
H(3, 22) 
H(4,22) 
H(5, 22) 
H(6,22) 
H(7 ,22) 
H(I,22) 


Dim Default 

10x22 220*0. 



Units 


Definition 


Mixed 


km 

km 

km 

km 

km/ sec 

km/sec 

km/sec 

km/ sec 

km 

deg 

sec 

km/sec 

deg 

deg 

kw 

km/sec 

kg 


Array of control designations. 

A non-zero value indicates the 
associated parameter is a con- 
trol. 

If 

IASTM <•= 0, values of H are 
perturbations used 
in finite differenc- 
ing. 

IASTM = 1, values of H are used 
only as activating 
flags. 

The first 20 columns of H cor- 
respond to elements of the 
THRUST array (See Page 10) 

(e.g., H (4,1) - .1 identifies 
the cone angle of the first 
phase as a control. Note: 
THRUST (I,J), I =2,7 and 
J = 1,20 are the only valid 
thrust controls). The last 
two columns of H correspond 
to the parameters listed be- 
low. When the grid mode is 
operative the H array repre- 
sents the first step for the 
selected Controls (See HMULT 
for designating second step) . 

Parameters Selected as Controls 


x, 

y. 

Z, 

r, 

x, 

y, 

z, 


STATE (1) 
STATE (2) 
STATE (3) 
STATE (7) 
STATE (4) 
STATE (5) 
STATE (6) 
STATE (8) 


Geocentric or 
Heliocentric 
Ecliptic 
Initial State 


I 


See 
Ref. 1 
P.124 


radius of parking orbit, r D 
inclination of parking orbit, i 
injection time in parking 
orbit, t 0 
injection dv 

in-plane Av direction angle , X* i 
out -of -plane Av direction angle,# ▼ 
base power at 1 au, ENGINE (1) 
exhaust velocity, ENGINE (10) 
initial mass, SCMASS 
I = 8,10 | not used 
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Variable Dim 

HMULT 20 


IASTM 1 


IM0DE 1 


INSG 1 


IWATE 1 


JWATE 1 


Default Units 
20*0 




Definition 

Scalar multiple of non-zero ele- 
ments of the H array (max of 20) 
used to define the second step in 
the grid mode. See p. 138. 

Flag designating the method of com- 
puting the targeting sensitivity 
matrix 

= 0, finite differencing by means 
of perturbed trajectories 
= 1, integrated state transition 
matrices 

If IASTM = 1 the parameters avail- 
able as controls are restricted. 

See Page 140. 

TfllPSEP submode designation. 

= 1, reference trajectory 
propagation. 

= 2, target and optimize. 

= 3, generate trajectory 
grid . 

If flag set to 1, then target sen- 
sitivities S and the performance 
gradient G are input; if flag left 
0, ignore (See Page 146). 

Type of control weighting (See 

Page 141-A). 

- 1, unity weighting. 

= 2, normalized control 
weighting . 

=3, sensitivity weighting. 

= 4, combined sensitivity, target 
error, and control weighting. 
= 5, target gradient weighting, 

=6, averaged gradient and con- 
trol weighting. 

Target weighting flag (See P. 142) 

= 0, do not weight target 
variables. : : 

= 1, use tolerances to 
weight targets. 
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Variable 

Dim 

Default 

Units 

Definition 

MPRINT 

10x1 

10*0 


Print option flags. 


=-l, print every XPRINT 
days and at control 
phase and primary 
body changes. 

= 0, no trajectory print. 

= I, print every I inte* 
gration steps. 

MPRINT (1), reference trajec- 
tory and grid print. 
MPRINT(2), perturbation tra- 
jectory print. 

MPRINT (3), trial trajectory 
print. 

MPRINT (4) , supplementary 
print fo- targeting mode. 
MPRINT (5) - (10), not used. 


NMAX 

1 

1 


Maximum number of iterations 
allowed. 

0PTEND 

1 

89.999 

deg 

Optimization termination 
angle] optimization is 
considered complete when 


cos 0 - G • A U2 

»Gjx | AU x l 


approaches 0 (when 0 
approaches 90 deg) . If 
0PTEND<0<9O optimization 
is considered complete. If 
0PTEND is set to 0 deg 
TOP SEP will generate a tar- 
geted but not optimized 
trajectory. 


0SCALE 

. 1. . 

; l.o 


Scale on performance index 
for Simultaneous targeting 

and optimization (See P. 149) 

* 

PCT 

1 

0.2 


Fraction of target error to 
be removed in the first 
iteration (See P . 143) . 

PRNML 

1 

F 

_ ■ ■ 

Do (T) , do not (F) print 

input namelist $T0PSEP 
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Variable 

S 

ST0L 


target 

TART0L 


TART0L(1) 

TART0L(2) 


Dim De fault 


Units 


Definition 


6x20 120*0.0 


0.001 


Mixed 


6x1 


6 * 0.0 


Mixed 


25x1 25*0.0 


km 


km 


Target sensitivities (may be 
input if available from 
previous computer run) See 
Page 146. 

Minimum difference allowed 
between the inner prodi cts 
of the columns of the sen- 
sitivity matrix and the 
inner product of exactly 
linearly dependent vectors. 
If Si and represent the 
first two columns of the S 
matrix and 

1 


—2 


i-i I * i%i 


<ST0L 


then the two columns are 
considered linearly dependent 
and the control associated 
with one of the columns 
(U (1) or IT (2)) will be dropped 
from fur ther consideration 
during the current iteration. 
(See Page 142) 

Target values; must be input 
in the same numerical order 
as indicated by the index on 

the TART0L vector. 

q.’’ 

Vector of target tolerances; 
a non-zero value of any com- 
ponent indicates that the 
associated target parameter 
will be included in the tar- 
geting process. The desired 
target value is input in 
TARGET. The targets are eval- 
uated at the stopping condi- 
tion. (IST0P in 0TRAJ). The 
associated target parameters " 
with respect to the target 
body are as follows . 

(1) x-comp of target body 
TT-: relative sta te. 

(2) y-comp of target body 
relative state. 
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Variable Dim 

Default 

Units 

Definition 

TART0L(3) 


km 

(3) z-comp of target body 
relative state. 

TART0L (4) 


km 

(4) |rj , radial distance 
from target body. 

TART0L(5) 

• 

km/sec 

(5) x-comp. 

TART0L(6) 


km/sec 

(6) y-comp. 

TART0L(7) 


Vm/sec 

(7) z-comp. 

TART0L (8) 


km/sec 

(8) |v | , velocity magnitude. 

TART0L(9) 


km/sec 

(9) v np* hyperbolic excess 
velocity. 

TART0L(1O) 


km 

(10) RCA, radius of closest 
approach. 

TART0LC11) 


km 

(11) g«T, B-plane coordinate. 

TART0L(12) 


km 

(12) B-plane coordinate. 

TART0LU3) 


days 

(13) TS0I, time at sphere of 
influence. 

TART0L(14) 


days 

-(14) TRCA, time at closest 
approach. 

TART0L(15) 


km 

(15) a, semi-major axis. 

TART0L(16) 


- 

(16) e, eccentricity. 

TART0L(17) 

• 

deg 

(17) i, inclination. - 

TART0LQ8) 


deg 

(18) Sit , longitude of ascend- 
ing node. 

TART0L(19) 


deg 

(19) CO , argument of periapsis 

TART0L(29) 

, > 

deg 

(20) MA mean anomaly. 

TART0L(I) 



X * 21*25 not used. 


20-A 


o 

Variable 

TL0W 


TUP 


ULIMIT 


UWATE 

(|; 


Dim 

Default 

Units 

Definition 

1 

1.0 

- 

Limit of quadratic error 
index (EMAG) below which 
optimization only is per- 
formed. (See Page 150). 

1 

1.0 


Limit of quadratic error 
index (EMAG) above which 
simultaneous targeting and 
optimization is discontinued 
and targeting only is initi- 
ated. (See Page 150). 

20x2 

20 

20*<-KC, 

io 20 ) 

Mixed 

Minimum and maximum bounds 
on the controls in the con- 
trol vector. The units are 
the same as those of the 
controls (See Page 141-A). 

20x1 

20*1.0 

- 

User input control weight- 


ings which are applied for 
all choices of the variable 
IWATE . 


20-B 


Tug Parameters 


Variable 

Dim 

Default 

Units 

Definition 

AZMAX 

1 

120. 

deg 

Maximum launch azimuth con- 
straint for inner parking 
orbit 

(launch from Cape Kennedy) 

AZMIN 

1 

35. 

deg 

Minimum launch azimuth con- 
straint for inner parking 
orbit 

(launch from Cape Kennedy) 

RP1 

1 

6567.26 

km 

Inner parking orbit radius 

TGFUEL 

1 

10673.0 

kg 

Maximum weight of fuel for 
transfer stage 

TUGISP 

1 

309.2 

sec 

Specific impulse of transfer 
stage 

TUGWT 

1 

1714.6 

kg 

Dry weight of transfer stage 
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2.3 GODSEP Input Description ? 

Three forms of input are used by the error analysis mode. The 
namelist $G0DSEP is used to define output, all measurement and event 
information (except the scheduling of measurements and propagation 
events), and all covariance initialization and propagation informa- 
tion. Immediately following $G0DSEP are NSCHED cards defining the 
scheduling of all measurements and propagation events. The format 
for these cards, as well as a definition of data type codes, appears 
after namelist $G0DSEP is defined. 

Following the measurement schedule cards are a series of 
optional namelists for guidance, each called $GEVENT. Reading of 
$GEVENT is controlled by the guidance flag array IGREAD, described 
in $G0DSEP. 

Reference is made below in the definitions of IPF0RM and 
IGF0RM to the "packed" and "unpacked" forms of a matrix. If the 
solye-for covariance matrix PS is dimensioned 10 x 10, but the 
current run has only 2 solve-for parameters, the 2 x 2 PS matrix 
Is considered "packed" if the four covariance elements occupy the 
first four consecutive words of storage for the PS matrix. This 
can be achieved in namelist input by 
PS * 9., .63, .63, 4., 

If, however, the namelist input contains 

PS(1,1) * 9., PS (1,2) - .63, 

PS (2,1) = .63, PS(2,2) -4., 

the four elements of PS will occupy words 1, 2, 11, and 12 of the 
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PS matrix due to internal storage standards and the matrix is termed 
"unpacked." 


2 *3.1 Namelist $G0DSEP - Covariance Initialization and Propagation: 
Var iable Dim Default Units Definition 


IPF0RM 



1 0 


6x6 1000 km. 

50 m/s 
each com- 
ponent 


6x11 0 

6x13 0 

6x15 0 

6x10 0 

11x11 0 

11x13 0 

11x15 0 

11x10 0 


= 0, input knowledge 
standard deviations 
and correlation co- 
efficients in packed 
form (see above for 
definition of packed 
and unpacked) 

= 1, input knowledge in 
unpacked form. 

Standard deviations and 
correlation coefficients 
of state at epoch defined 
by TCURR 

Correlations between 
state and solve-for 
parameters 

Correlations between 
state and dynamic 
consider parameters. 

Correlations between 
state and measurement 
consider parameters 

Correlations between 
state and ignore 
parameters - 

Std. dev. and correlation 
coefficients of solve- 
for parameters 

Correlations between 
solve-for and dynamic 
consider parameters 

Correlations between 
solve-for and measurement 
consider parameters 

Correlations between 
solve-for and ignore 
parameters 
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Var iable Dim Default Units 


Definition 


PU 13x13 0 


CUV 13x15 0 


CUW 13x10 0 

PV 15x15 0 

CVW 15x10 0 

PW 10x10 0 

IGF0RM 1 0 


PG 

CXSG 

CXUG 

CXVG 

CXWG 

PSG 

CSUG 

CSVG 

CSWG 

PUG 

CUVG 

GUWG 

PVG 

CVWG 

PWG 

C0NRD 1 





Std. deviations and correlation 
coefficients of dynamic 
consider parameters 

Correlations between dynamic 
consider and measurement 
consider parameters 

Correlations between dynamic 
consider and ignore parameters 

Std. deviations and 
correlation coefficients of 
measurement consider parameters 

Correlations between 
measurement considers and 
ignore parameters 

Std. deviations and 
correlation coefficients of 
measurement consider parameters 

Ignored if C0NRD = .FALSE.; 
if C0NRD = .TRUE » , 

=0, input control uncertainties 
packed 

-l, input control uncertainties 
unpacked. (see above 
definitions of packed and 
unpacked) 

Standard deviations and corre- 
lations of control covariance 
(analgous to P, CXS, . PW); 
if C0NRD = .FALSE., then control 
covariance is set to a-priori 
knowledge ; if C0NRD = . TRUE . , 
then control must be input 
at epoch defined by TG. 


=F, set a priori control to 
a priori knowledge 
=T, assume a-priori control* 
read in namelist 
(See Page 159) 
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Variable 

Dim 

Default 

Units 

Definition 

DYN0IS 

1 

T 


=T, compute effective process 
noise matrix for use with 
state transition matrix 
propagation 

=F, don't, compute effective 
process noise 

SCMVAR 

1 

0 . 

kg 

initial S/C mass standard devi- 
ation 

EPSIG 

3x2 


mixed 

Process noise standard deviations 
used only for SIM (not PDOT). 

EPSIG (1 , 1) 


.01 

- 

Std. dev. in magnitude 
proportionality noise 

EPS IG (2 , 1) 


.01 

rad 

Std. dev. in cone angle noise 

EPSIG (3, 1) 


.or 

rad 

Std. dev, in clock angle noise 

EPSIG (1 , 2) 


0 

- 

Std. dev. in secondary process 
for magnitude proportionality 

EPSIG (2 ,2) 


0 

rad 

Std. dev. in secondary noise 
process for cone angle 

EPSIG (3 ,2) 


0 

rad 

Std. dev. in secondary noise 
process for clock angle 

EPTAU 

3x2 


days 

EPTAU (I,J) is correlation time 
for noise process 

EPTAU (1,1) 


4 

days ■■ 


EPTAU (2,1) 


1 

days 

corresponding to EPSIG (I,J) 

EPTAU (3,1) 


1 

days 

and PDOT process noise 
^ (See Page 159) 

EPTAU (1, 2) 


0 

days 

EPTAU (2 ,2) 


0 

days 


EPTAU (3, 3) 


0 

days J 


IAUG 

50 

50*0 


Parameter augmentation control 


IAUG (I) controls augmentation of 
parameters to state vector as 
follows 


=0, not used 

-1, parameter solved-for 
=2, parameter considered 
=3, parameter ignored (generalized 
covariance only) 

IAUG(I) parameters available 

(1) thrust acceleration 
proportionality 

(2) cone angle bias 

(3) clock angle bias 
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Variable Dim Default Units Definition 


IAUG (4) through (9) ephemeris planet 

elements, x, y,z,£,y,z, if 
IEPHEM=0 or 1 

a,e,i, A ,40 ,m, if IEPHEM=2 
'(10) ephemeris body gravitational 
constant 

(11) solar gravitation constant 

(12) -(17) used only if PD0T = TRUE 

(12) noise process corresponding 
to EPSIG(1 , 1) 

(13) noise process corresponding 
to EPSIG(2 ,1) 

(14) noise process corresponding 
to EPSIG(3, 1) 

(15) noise process corresponding 
to EPS IG(1, 2) 

(16) noise process corresponding 
to EPSIG(2 , 2) 

(17) noise process corresponding 
to EPSIG(3 , 2 ) 

(18) spin radius, station #1 

(19) longitude, station #1 

(20) z-height, station #1 

(21) , (22) , (23) spin radius, 

longitude, z-height sta. #2 
(24), (25) , (26) spin radius, 

longitude, z-height, sta. #3 
(27), (28) 2-way doppler, range 
bias from sta . #1 
(29), (30) 2-way doppler, range 
bias from sta. #2 
(31), (32) 2-way doppler, range 
bias from sta. #3 
(33), (34) 3-way doppler, range 
bias from sta. # 1,2 
(35), (36) 3-way doppler, range 
bias from sta. # 1,3 
(37), (38) 3-way doppler, range 
bias from sta. # 2,3 . 

(39), (40) azimuth, elevation 

angle biases from sta. #1 
(41), (42) azimuth, elevation 
. angle biases from sta. #2 

(43) , (44) azimuth, elevation 
angle biases from sta . #3 

(45) star-planet angle bias 

■■■■ - ' . ■ star #1 

(46) star-planet angle bias 

star #2 ■ . 

(47) star-planet angle bias 
star #3 
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Variable 

Dim 

Default 

Units 

Definition 





(48) apparent planet diameter 
angle bias 

(49) astronomical observation, 
right ascension angle 

(50) astronomical observation, 
declination angle 

IEPHEM 

1 

0 


indicates format of ephemeris 
parameters if any flagged 

* 0, time evolving cartesian 
s 1, stationary cartesian 

* 2, stationary Keplerian 

PD0T 

1 

F 


logical flag controlling 
covariance integration 
s T, propagate covariance by 
integration 

s F, propagate covariance by 
state transition matrix 
method 

PR0PG 

1 

F 

- 

not used for input, overridden 
internally 

SCHFTL 

1 

T 

% 


logical flag 

s T, failure to mesh on STM 
file within tolerances 
defined by T0LF0R and 
T0LBAK is total 
" F, mesh failure not fatal 

TCURR 

1 

TSTART 

(0TRAJ) 

days 

Epoch for input knowledge uncer- 
tainties, referenced to TLNCH (if 
PDOT = .TRUE, and TCURR ^ TSTART, 
(See Section 4.2.5). 

TFINAL 

■ 1 ■ 

TEND 

(0TRAJ) 

days 

Error analysis final time, 
referenced to TLNCH 

TG 

1 

TCURR 

days 

Epoch for input control uncertain- 
ties if C0NRD = T and control epoch 
different from knowledge epoch 

T0LBAK 

1 

1.0 

days 

Backward tolerance on meshing 
scheduled event times with STM 
file times 

T0LF0R 

1 

.03 

days 

Forward tolerance on meshing 
scheduled event times with STM 
file times 
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Measurement Related Variables 

Variable Dim Default Units Definition 


C0RL0N 

1 

.9 


D0PCNT 

1 

12 

Meas . / 
Day 

GAINCR 

1 

F 

- 

GENC0V 

f 

i. 

F 

- 

IGAIN 

1 

1 



NSCHED 

1 

0 


NST 

1 

3 

- 

SIGL0N 

. 1 ■: 

3.0 

meter 

SIGMES 

15 


mixe< 


Station-to-station longitude 
correlation for ground-based 
tracking stations 

Nominal number of dopier measure- 
ments to be taken per day for scal- 
ing doppler noise (SIGMES (1) and 
SIGMES (3) ) 

Controls GAIN file creation (See 
Page 162) 

= T, create GAIN file 
= F, do not create GAIN file 

= F, current run r, ot generalized 
covariance 

= T, generalized covariance run, 
forces IGAIN =4 

Defines OD filtering algorithm 
= 1, Kalman-Schmidt 
= 2, sequential weighted least 
squares 

=3, User- supplied filter (See 

Analytic Manual, Section 6.4) 

= 4, read filter gain from GAIN 
file (TAPE 4) 

Number of measurement and propa- 
gation event scheduling cards to 
follow namelist 0G0DSEP 

Number of active DSN station loca- 
tions defined in STAL0C array 

Standard deviation in longitude for 
equivalent station location errors 

Array of measurement white noise 
standard deviations 


SIGMES (1) 

1.0 

SIGMES (2) 

3.0 

SIGMES (3) 

.1 

SIGMES (4) 

10.0 


mm/sec/1 min sample 
meter 

mm/sec/1 min sample 
meter 


2-way doppler 

2 - way range 

3- way frequency drift 
3 -way range 
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Variable 

Dim 

Default 

Units 

Definition 

SIGMES (5) 


1600. 

Z 4 -rad 

azimuth angle 

SIGMES (6) 


1600. 

/* -rad 

elevation angle 

. SIGMES (7) 


150. 

Z'-rad 

on-board optics --star planet 
angle 

SIGMES (8) 


150. 

f* -rad 

on-board optics -- apparent 
planet diameter 

SIGMES (9) 


10. 

km 

on-board optics -- center-finding 
uncertainty; used in conjunction 
with star-planet angle 

SIGMES (10) 


3. 

arc-sec 

astronomical observation 
right ascension 

SIGMES (11) 


3. 

arc-sec 

astronomical observation — • 
declination 

SIGMES (12) 

-(15) 

- 

- 

not used 

SIGRS 

1 

1.5 

meter 

standard deviation in spin radius 

for equivalent station 

errors 

STAL0C 

3x9 


mixed 

array of station locations 
(cylindrical coordinates only) 


| STAL0C(1,I) - spin radius (km) 

’ STAL0C(2,I) = longitude (deg) 

STAL0C(3,I) = z -height (km) 

default values for station 
coordinates are: 

1 - Goldstone (5200.234, -116.833, 

3693.429) 

2 - Madrid (4855.414, -3.667, 

4134.766) 

3 - Canberra (5204.135, 149.136, 

-3686.233) 

9 - Astronomical Observatory (Kitt 
Peak = 4185.171, 250.000, 4814.489) 

STARDC 3x9 - array of ecliptic star direction 

cosines (or, equivalently, unit 
vectors in star directions) used 
for star-planet angle measurements; 
vector locating Jth star loaded in 
Jth column of STARDC 

default values are (fictitious 
stars) 

,*■ 7 STARDC (1,1) * .7, .6, .3873 

\ ; STARDC (1,2) = .6, .7, .3873 

STARDC (1 ,3) * .65, .65, .3937 
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Event Variables 




Variable 

Dim 

Default 

Unit 

Definition 

NEIGEN 

1 

0 

- 

Number of eigenvector events to 
be scheduled (maximum 10). 

TEIGEN 

10 

10*0. 

days 

Array of eigenvector event times 
(See Page 158). 

NPRED 

1 

0 

- 

Number of prediction events to be 
scheduled (maximum 10) 

TPRED 

10 

10*0. 

days 

Array of prediction event times 

TPRED2 

10 

10*0. 

days 

Array of times predicted to 

NGUID 

1 

0 

- 

Number of guidance events to be 
scheduled (maximum 20) 

TGUID 

20 

20*0. 

days 

Array of guidance event execution 
times 

TDELAY 

20 

20*0. 

days 

Array of guidance event delay 
times. Guidance events are scheduled 
at execution time minus delay time, 
and covariances are propagated for- 
ward to execution time. 

TCUT0F 

20 

20*0. 

days 

Array of guidance event cutoff 
times for impulsive maneuvers, 
set TCUT0F (I ) = TGUID (I) 

IGP0L 

20 

20*0. 

• 

Array of guidance policy control 


flags 

= 0, no maneuver, print control 
uncertainties 

= 1, target to cartesian state, 

X,Y,Z at time specified by 
. TIMFTA ■;.■■■ 

= 2, B*T, B‘R targeting 
= 3, B*T, B'R, time at sphere target- 
ing 

= 4, closest approach targeting 

(radius of closest approach, 
inclination, time of closest 
approach) 

=5, variable time of arrival (XYZ 
targeting) 

IGREAD 20 20*0 . - Array of guidance event read control 

flags (if non-zero, control weights 
C0NWT will be read), See Page 163. 
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Variable Dim Default Unit 


NC0N 1 4 


C0NWT 5 5* 1 . 


UMAX 5 5*50. 7o, 

deg, 

day 

TARWT 3 3*1. 

TGST0P 1 TEND days 

($TRAJ) 

TIMFTA 1 0. days 

SIGDV 4 ■ mixed 

SIGDV(l) .01 

SIGDV (2) 2.E-4 km/s 


Definition 


= 0, do not read namelist 0GEVENT 
= 1, read namelist ^GEVENT, and 

recompute control and target 
variation matrices (VMAT and 
SMAT) 

= 2, read 0G EVENT 

Number of controls for low thrust 
guidance (must be greater than or 
equal to number of target variables). 
Controls are ordered: 
magnitude 
cone 
clock 

cutoff time 

start-up time (or arrival 
time if IGP0L =5) 

= 1, magnitude only 
= 2, magnitude and cone 
= 3, magnitude, cone, clock 
= 4, magnitude, cone, clock, cutoff 
time 

= 5, use all five controls 

Relative weighting factors for 
controls defined by NC0N 
Small number weights out effect 
of control. 

C0NWT may also be re-defined * n 
namelist 0GEVENT 

Maximum allowable (10”) control cor- 
rection as defined by NC0N 


Relative weighting factors for target 
parameters defined by IGP0L 


Stop time for integration of varia- 
tion matrix if sphere or closest 
approach not reached in B-plane or 
closest approach targeting 

Stop time for XYZ targeting (overrides 
TFINAL and TGST0P) . 

Array of standard deviations defin- 
ing impulsive &V execution errors 

Standard devia tion o f proportion- 
ality error 

Standard deviation of resolution 
error 
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Variable 

Dim 

Default 

Unit 

Definition 

S IGDV (3 ) 


.065 

rad 

Standard deviation in ecliptic 
pointing angle 

S IGDV (4) 
Output Control 

.065 

rad 

Standard deviation in out of 
ecliptic pointing angle 

Variable 

Dim 

Default 

Unit 

Definition 

CHEKPR 

10 

10*F 

- 

Array of logical flags controll- 
ing check point options which may 


be useful in debugging. The fol- 
lowing elements of CHEKPR are 
activated if set equal to .TRUE.: 


(1) - writes on nominal output 

file (TAPE 6) all information 
on STM file (TAPE 3) during 
file generation and all 
information reads from the 
STM file. In addition, the 
results of each transition 
matrix chaining operation 
in subroutine STMRDR (See 
Program Manual) is also printed 

(2) - Prints every measurement. 

(3) - Prints full covariance, not 

standard deviations and 
correlation coefficients, 
before and after each meas- 
urement. 

(4) - Writes on nominal output file 

(TAPE 6) all information 
written on GAIN file (TAPE 4) 
during creation, and all infor- 
mation read from GAIN file for 
IGAIN = 4 option. 

(5) - Writes on nominal output file 

(TAPE 6) knowledge and control 
uncertainties at end of burn 
interval and transition matrix 
over burn interval for low 
thrust guidance, or eigenvalues 
and eigenvectors of expected 
A V covariance for impulsive 
guidance. 
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Variable Dim Default Unit Definition 

(6) - computer time computation and 

display 

(7) - not used 

(8) - reads from STM file to compute 

transition matrices needed for 
guidance rather than calling 
TRAJ 


EDIT (50) 

1 

0 

day 

IPR0P 

1 

0 

- 


J0BLAB 

10 

Blank 

- 

MPFREQ 

12 

12*0 



PRNC0V 5 


(9) - Prints covariance before and 

after each propagation 

(10) - dump core when mission time 

EDIT (50) 

dump time (See CHEKPR(IO)) 

Propagation event print control 
= 0, ho print 

= 1, pric t standard deviations and 
correlation coefficients of 
S/C state only 
= 2, full eigenvector event 

Hollerith label to be printed with 
each measurement and event print 

Measurement print frequency con- 
trol. If MPFREQ(I) = N, the 
first time the data type corre- 
sponding to MPFREQ(I) is scheduled 
it is printed. Thereafter, that 
data type will be printed each 
time its count is divisible by N. 

The following correspondences 
between MPFREQ and data type are 
used. (See also Section 2.3.2). 

(1) - two-way doppler (code 100X) 

(2) - three-way doppler (code 11XX) 

(3) - simultaneous 2-way/3-way 

doppler (code 12XX) 

(4) - differenced 2-way/3-way 

doppler (code 13XX) 

(5) - two-way range (code 200X) 

(6) - three-way range (code 21XX) 

(7) - simultaneous 2-way/3-way 

range (code 22XX) 

(8) - differenced 2-way/3-way 

range (code 23XX) 

(9) - azimuth-elevation angles 

(code 30XX and 300X) . 

(10) - star-planet angles (code 4XXX, 

40XX and 400X) . 

(11) - apparent planet diameter (code 

5000). 

(12) - astronomical observations (code 



Print control for standard deviations 
and correlation coefficients. (T = 
TRUE, F = FALSE) 
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Variable 

Dim 

Default 

Units 

Definition 

PRNC0V (1) 


T 

- 

Do (T) or do not (F) print state 
standard deviations and correla- 
tion coefficients and correlations 
with all augmented parameters 

PRNC0V (2 ) 


T 


Do (T), do not (F) print solve- for 
standard deviations and correlation 
coefficients and correlations with 
other parameters 

PRNC0V(3) 


F 


Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for dynamic consider para- 
meters and correlations with other 
parameters . 

PRNC0V (4 ) 


F 


Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for measurement consider 
parameters and correlations with 
ignore parameters 

PRNC0V (5) 


F 

■ “ 

Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for ignore parameters 

PRNML 

1 

F 

- 

Do (T), do not (F) print input 
namelist SJG0DSEP after reading 

PRNSTM 

5 



Print control for state transition 
matrix partitions. The flagging 
of any PRNSTM element causes prints ' 
with each state transition matrix 
print, of the sensitivity of the rele 
vant parameter set to the entire 
augmented state vector. 

PRNSTM(l) 


T 


Prints sensitivities for S/C state 

PRNSTM (2) 


F 


Prints sensitivities for solve- for 
parameters 

PRNSTM (3) 


F 


Prints sensitivities for dynamic 
consider parameters 

PRNSTM (4) 


F 


Prints sensitivities for measurement 


consider parameters 
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Variable Dim Default 
PRNSTM(5) F 

PUNCHE 5 5*F 


SUMARY 1 T 


Unit r Definition 


Prints sensitivities for ignore 
parameters 

Punch flag for complete knowledge 
or control standard deviations and 
correlation coefficients at events 

* T, causes punching 

* F, does not 
Elements of PUNCHE are: 

(1) - knowledge at propagation 

event 

(2) - knowledge at eigenvector 

event 

(3) - knowledge at thrust event 

(4) - knowledge at time TPRED2 

for prediction events 

(5) - control before and after 

maneuver at each guidance 
event 

* T, write SUMMARY file (TAPE 8) 

* F, do not write SUMMARY file 

(TAPE 8) 


2.3.2 Measurement and Propagation Schedule Input 

Measurement schedule cards follow directly behind namelist 0G0DSEP. 


Each card contains three time control variables in Columns 1-30 in 
format 3F10.4 and one measurement code (MESC0D) right justified in 
Column 40 (format 110). 

Time control variables are START, ST0P, DELT 

START « start time, referenced to TLNCH, for scheduling 
current data type; 

STOP * stop time for current data type; 

DELT * time interval increment for scheduling. 

For example, if START * 10.5, ST0P = 20. DELT * 1,0, the current data 
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type will be scheduled ten times at 10.5, 11.5, 12.5, ..., 19.5 days. 
Internal tests modify START if it is less than TCURR, and ST0P if it 
is greater than TFINAL so that no measurements are scheduled outside 
the requested error analysis interval. 

One additional option is available on scheduling. Any scheduling 
card on which DELT is zero or negative redefines the allowable schedul- 
ing interval from (TCURR, TFINAL) to the (START, STOP) interval defined 
by that card. All succeeding measurements are scheduled in the interval 
defined by that card until another card with a zero or negative DELT is 
encountered. 

If DELT is greater than zero and no measurement code appears 
(MESC0D = 0), propagation events will be scheduled. Except for pro- 
pagation events, all other allowable measurement codes are 4-digits, 
defined as follows (station and star numbers are defined in STAL0C 
and STARDC, respectively): 

2- way doppler (range-rate) from Station n; 

3- way doppler from Stations m and n; 
simultaneous 2-way/3-way doppler from 
Stations m and n; 

differenced 2-way /3-way doppler from 
Stations m and n; 

2-way range from Station n; 

21mn 3-way range from Stations m and n 

22mn simultaneous 2 -way /3-way range from 

Stations m and n; 

23mn differenced 2-way/3-way range from 


lOOn 

limn 

12mn 

13mn 

200n 


Stations m and n 
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300n azimuth and elevation measured from 

Station n; 

300m azimuth and elevation measured simultaneously 

from Stations m and n; 

on 'board optics, angle measurement between 

. th 

ephemeris body and star n, defined by n 
column in STARDC array; 

two simultaneous star-planet angle measurements 
with ephemeris body and Stars m and n 
three simultaneous star-planet angle measure- 
ments with ephemeris body and Stars k, m and n; 
apparent planet diameter measurement of 
ephemeris body. 

right ascension/declination measurement of 
ephemeris body from Station n. 

2.3.3 Namelist glGEVENT 

One copy of namelist 0GEVENT must appear after the measurement 
schedule cards for each guidance event which has its corresponding 
value of IGREAD greater than zero. Default values are nominal input 
or computed values prior to reading 0GEVENT. 


Variable 

Dim 

Default 

Units 

Definition 

BURNP 

4 

4*0. 

km/s , 
Kg 

Thrust acceleration and mass at 
beginning and at end of guidance 
interval (See Page 163). 

C0NWT 

5 

- 

- 

See namelist #G0DSEP 

NC0N 

1 



See namelist 0G0DSEP 


4C0n 


40mn 


4 tarn 


5000 


600n 
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Variable Dim Default Units Definition 

SMAT 3x5 15*0. mixed Sensitivity matrix of target 

parameters WRT control parameters 
(See Page 163). 

TARWT 3 - See namelist #G0DSEP 

UMAX 5 - - See namelist $G0DSEP 

VMAT 3x6 18*0. mixed Variation matrix of target para- 

meters WRT state at guidance epoch 
(See Page 163). 



II 
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2.4 SIMSEP Input: Description • 

Input to the simulation mode is transmitted to the program 
through three namelists: #TRAJ, /SIMSEP, and /GUID. As before, the 

/TRAJ namelist essentially defines the reference trajectory initial 
conditions, spacecraft parameters (thrust, mass, electric power, etc.) 
•nd other baseline quantities necessary to specify a reference mis- 
sion. In general, the /TRAJ inputs for SIMSEP are obtained as results 
from a precursor TOPSEP analysis where a targeted reference trajectory 
has been determined. 

The first namelist peculiar to the SIMSEP mode is called 
^SIMSEP. Its primary function is to initialize £ priori statistical 
descriptions of those error sources which remain nearly constant dur- 
ing the course of an individual simulation in the basic Monte Carlo 
cycle. In addition, various parameters which, for example, specify 

the number of guidance events, the output frequency, the number of 

• — 

Monte Carlo cycles, etc., are also read from /SIMSEP. 

The second of these namelists unique to SIMSEP is /GUID. As its 
name implies, it is responsible for initializing parameters and data 
used at guidance events. Unlike /SIMSEP which is read only once for 
each SIMSEP run, /GUID is read for each specified guidance event 
being simulated along the mission. Variables initialized by this 
namelist include such things as guidance event times, knowledge 
covariances, guidance law and policy specifications, etc. 

Finally, it should be noted that both /SIMSEP and /GUID can also 
contain certain statistical arrays computed in previous SIMSEP analyses. 


These arrays are key to SIMSEP's restart capability and provide the 
means to continue an analysis with many more Monte Carlo cycles in 
a series of SIMSEP runs. The format for input is, generally, a 
(nxn) correlation matrix of standard deviations and correlation 
coefficients. An extra column vector augmented to the right hand 
side of the (nxn) matrix, thus creating a (nx(n+l)} matrix, serves 
to store mean values to complete the statistical description for 
the parameter of interest. Unfortunately, the multitude of options 
available in SIMSEP make the real numerical format used for input a 
bit awkward. In particular, the variables, CC0VG, CNTC0V, TARC0V , 
etc., are actually read as one long column vector with separate 
columns in the correlation matrix being stored consecutively. This 
apparent difficulty is somewhat off-set by the fact that these arrays 
are ordinarily generated as output from a previous SIMSEP run and 
have automatically been punched in the requisite format. 

Another important capability in SIMSEP which relates to the 
namelists ^SIMSEP and /GUID^ is the multiple run or stacked case 
feature. In particular, once normal computer processing of a run 
is completed, the program automatically recycles to read /SIMSEP 
again if the /TRAJ variable, M0DE, has been set to a -3. When this 
occurs, only changes to /SIMSEP from the previous run need to be 
input. Likewise, the /GUID namelists are also read in the same 
sequence as they were for the first run. Guidance event data need 
not be read anew unless there are changes to a particular data set 
or if there are more guidance events in the second run. The only 


drawback here is that a zero-data namelist, i.e., a /GUID card fol- 
lowed by a /END card, must be input for each event even though there 
may be no changes. This is also a requirement for the /SIMSEP name- 
list upon recycling. 

Given below are detailed descriptions of the variables, dimen- 
sions and default values (where applicable) for both /SIMSEP and 
/GUID. The parameters are divided into appropriate groupings; for 
/SIMSEP: run definition, a-priori control and ephemeris errors, 

spacecraft parameter errors, and accumulated statistics and para- 
meters; for /GUID: event initialization data, optional initialization 
data, guidance law and policy, knowledge error, guidance control data, 
and accumulated statistical data. 


Namelist: /SIMSEP 

Run Definition Parameters: 
Variable Dim Default 

Units 

Definition 

A0K 

1 

.* 100. 

- 

Backup convergence toler- 
ance for the weak con- 
vergence test. 

CPMAX 

1 

10000. 

sec 

Computer processing time 
limit (See Page 175). 

DVMXN 

1 

0.1 

km/sec 

Maximum magnitude allowed 
for a delta-velocity cor- 
rection. 

INREF 

1 

0 


Option flag to indicate 
whether or not state varia- 
bles, s/c mass, targets, 
etc. are to be read as 
input during the jfcUID name- 
list read. 

=* 0, No data input (computed 
internally) . 

= 1, Input data. 
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Units Defin itxon 

If INREF = 1, the variables 
listed under Optional 
Guidance Event Initiali z ation 
Data must be input along with 
MEND and XEND (See Page 
172 and 173). 

If INREF = 0, the optional 
guidance event data are 
automatically computed. 


I0UT 

1 

1 


Print output flag which acti- 
vates printout for every 
I0UT Monte Carlo cycle. 

IPUNCH 

1 

0 

- 

Punch output flag. 

IRAN 

1 

1 

- 

= 0, no punched statistical 
arrays (covariance 
matrices and vector 
means) at the end of 
the run. 

* 1, punch. 

Monte Carlo random number 
seed to initiate the gener- 
ation of random number 
from RANF. 





/ 0, regular Monte Carlo 
analysis. 

= 0, forced Monte Carlo 

sampling of one -sigma 
for all error sources. 

NCYCLE 

1 

1 

- 

Number of Monte Carlo mis- 
sion cycles to be executed. 

NGUID 

' 1 ■ ' , 

1 


Total number of guidance 
events, both low thrust and 
impulsive velocity changes, 
to be executed on each 
simulated mission. A maxi- 
mum of five guidance events 
is allowed. 

PRNML 

1 

V "V 

_ 

Do (T) , do not (F) print 


input namelist $SIMSEP after 
reading. 
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A Priori Control and 

Ephemeris 

Errors : 

• 

Variables 

Dim 

Default 

Units 

Definition 

EPHERR 

6x6x2 

o 

• 

• 

• 

#v 

O 

km, 

km/ sec 

Arrays describing the 
Cartesian ephemeris errors 
associated with at most two 
planets. A 6x6 array is 
read for each ephemeris 
planet with standard devi- 
ations along the principal 
diagonal and correlation 
coefficients off-diagonal. 
Only the principal diagonal 
and the lower triangular 
partition of the array are 
actually necessary. 

GMERR 

3 


km /sec 

One sigma uncertainties in 
the gravitational constants. 

GMERR(l) 


0. 


Solar mass error. 

GMERR (2) 


0. 


First ephemeris planet mass 
error. 

GMERR (3) 


0. 


Second ephemeris planet 
mass error. 

NEP2 

2 

o 

r» 

© 


Array of ephemeris planet 
number codes to designate 
the active ephemeris error 
planets. The code conven- 
tion is the same as that 
used in #TRAJ for the NB 
array. 

EG 

6x6 

o 

• 

• 

• 

o 

km 

km/ sec 

Correlation array describing 
the a priori Cartesian con- 
trol errors associated with 
the initial reference state 
vector. The input format 
is the same as EPHERR. 

TEPK 

2 



Epochs at which ephemeris 
errors are evaluated* 

TEPH(l) 


0 

days 

Julian date or time from 
launch for the first ephem- 
eris planet* 
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Variable's 

Dim 

Default 

Units 

Description 

TEPH(2) 


0. 

days 

Julian date or time from 
launch for the second 
ephomeris planet. 

S/C Parameter 

Errors : 




Variables 

Dim 

Default 

Units 

Definition 

EXVERR 

4 



One sigma midcourse velocity 
correction execution errors. 

EXVERR(l) 


0. 

• ! 

Proportionality error. 

EXVERR (2) 


0. 

degs 

In-ecliptic-plane pointing 
error . 

EXVERR (3) 


0. 

degs 

Out-ecliptic-plane pointing 
error . 

EXVERR (4) 


°. 

km/sec 

Resolution error. 

SCERR 

5 



One sigma SEP s/c errors. 

SCERR(l) 


oj 

kg 

Initial s/c mass uncer- 
tainty. 

SCERR (2) 


0. 

km/ sec 

Low thrust exhaust velocity 
uncertainty . 

SCERR (3) 


0. 

kw 

Uncertainty in electric 
_ power at 1 A.U. 

SCERR (4) 


0 . 

m 

Uncertainty in thruster 
efficiency. 

SCERR(5) 


0 . 


Uncertainty in the effective 
radiation pressure coeffi- 
cient. 

TCERR 

6x20 

0, . . . . ,0 


One sigma thrust control 

biases. 

TCERR(1, j) 



days 

J** 1 thrust phase end time. 

TCERR (2, j) 



- 

J** 1 thrust phase throttling. 

TCERR (3, j) 



degs 

thrust phase cone angle. 

TCERR (4, j) 



■ . j 

degs 

thrust phase clock angle 

TCERR (5, j) 



degs/sec 

thrust phase cone angle 

rate. 
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Variables 

Dim 

De fault 

Units 

Description 

TCERR(6, j) 



degs/scc 

p- 

th 

j thrust phase clock 

angle rate. 

TVERR 

6x3 



One sigma time varying 


thrust control errors (dy- 
namic process noise speci- 
fications), corresponding 
correlation times, and 
Correlation time uncer- 
tainties for two simulta- 
neous, independent processes 


TVERR (1 , 1) 

0 . 


First process, thrust pro- 
portionality uncertainty 
(per thruster). 

TVERR (1, 2) 

1. 

days 

Correlation time for thrust 
acceleration. 

TVERR (1, 3) 

0 . 

days 

Uncertainty in the thrust 
acceleration correlation 
time. 

TVERR (2, 1) 

0 . 

degs 

First process, cone angle 
uncertainty. 

TVERR (2, 2) 

1. 

days 

Correlation time for cone 
_ angle. 

TVERR(2, 3) 

0 . 

days 

Uncertainty in the cone 
angle correlation time. 

TVERR (3, 1) 

0 . 

degs 

First process, clock angle 
uncertainty. 

TVERR (3 , 2) 

1. 

days 

Correlation time for clock 



* 

angle. 

TVERR (3, 3) 

0 . 

days 

Uncertainty in the clock 
angle correlation time. 

TVERR (4, 1) 

0 . 

m 

Second process, thrust 
acceleration uncertainty 
(per thruster). 

TVERR (4, 2) 

1. 

days 

Correlation time for thrust 
acceleration. 
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Variables 

Dim 

Default 

Units 

Description 

TVERR(4, 

3) 


0 . 


days 

Uncertainty in the thrust 
acceleration correlation 
time. 

TVERR (5, 

X) 


Q. 


degs 

Second process, cone angle 
uncertainty. 

TV ERR (5 , 

2) 


1 . 


days 

Correlation time for cone 
angle. 

TVERR(5, 

3) 


0 . 


days 

Uncertainty in the cone 
angle correlation time. 

TVERR (6 , 

1) 


0 . 


degs 

Second process, clock 
angle uncertainty. 

TVERR(6, 

2) 


1. 


days 

Correlation time for clock 
angle. 

TVERR (6, 

3) 


0 . 


days 

Uncertainty in the clock 
angle correlation time. 

Accumulated 

Statistics 

i and 

Parameters : 


Variable 


Dim 

Default 

Units 

Definition 

A DVT 


2 




Accumulated delta-velocity 
magnitude statistics for 
all impulsive velocity cor- 
rections along a mission. 

ADVT (1) 



0 . 


km/sec 

One-sigma delta-velocity 
magnitude. 

ADVT (2) 



0 . 


km/sec 

Mean delta-velocity magni- 
tude. 

ENDC0V 


6x7 

o • > » 

, 0 . 

km 

km/sec 

S/C control error correlation 
array computed at the trajec- 


tory time TEND. This array 
is input as a (6x6) matrix of 
standard deviations and cor- 
relation coefficients. Only 
the principal diagonal and 
the lower triangular sub- 
matrix are necessary. The 
7th column of this array 
contains the means. 
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Variables 

Dim 

Default 

Units 

Definition 

AMASS 

2 



Accumulated S/C mass sta- 
tistics at the final time. 

AMASS (1) 


0 . 

kg 

One-sigma s/c mass. 

AMASS (2) 


0 . 

kg 

Mean s/c mass . 

MEND 

1 

0 . 

kg 

Final s/c mass on the refer- 
ence trajectory at time 
TEND. This variable is 
required only if INREF = 1 
and is used in computing 
AMASS statistics. 

MC 

1 

0 . 

• 

Number of Monte Carlo 


cycles executed in a previous 
SIMSEP run in which statisti- 
cal variables ADVT, AMASS, 
ENDC0V, and ATHC0V are com- 
puted. MC is used to re- 
start accumulated statistics 
for the current run. 

ATHC0V 420 G',.,.,0. Accumulated statistics on 

the active thrust controls 
changed at scheduled low 
thrust guidance events. A 
maximum of twenty active 
thrust controls are allowed. 
This array is input as a 
(nxn) matrix of standard 
deviations and correlation 
coefficients, where n is the 
total number of low thrust 
controls. As before, only 
the principal diagonal and 
lower triangular submatrix 
need to be input. The (n+l) th 
column vector contains the 
means . 

XEND 6 0, . . . ,0. km, Final reference trajectory 

km/sec state vec tor at the trajec- 
tory time TEND. This vector 
is required input only if 
INREF = 1 and is used in com- 
puting the ENDC0V covariance 
matrix. 
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Variable 

Dim 

Default 

Units 

Definition 

KATHC 

1 

0 

— 

Dimension of the ATHC0V matrix. 

S/C Parameters for 

Midcourse Velocity 

Corrections : 

Variable 

Dim 

Default 

Units 

Definition 

SPFIMP 

1 

265. 

sec 

Specific impulse for chemical 
propulsion system. 

DVMD0T 

1 

.05 

kg/sec 

Mass flow rate fov chemical 
propulsion system. 
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Namelist; tfGUID 

Guidance Event Initialization Data : 


Variable Dim Default Units Definition 


KTER 

1 

0. 


Option flag to indicate 
whether or not target errors 
are to be evaluated after 
the current guidance event. 
If KTER = 1, a trajectory is 
integrated from the point of 
the guidance event to the 
target. 

TGUID 

1 

0. 

days 

Epoch of the current guid- 
ance event specified as 
either a Julian date or the 
interval of days since 
launch. 

TTARG 

1 

0. 

days 

Designated epoch of arrival 
at the target specified 
either as a Julian date or 
as the interval of days 
since launch. 

Optional 

Guidance Event Initialization Data 

; These variables are 

required 

input only 

if INREF = 1 

(See tfSIMSEP). 

Variable 

Dim 

Default 

Units 

Definition 

MGREF 

1 

0. 

kg 

S/C reference mass at the 
current guidance event. 

MTREF 

. ;1 : , ' 

0. 

kg 

S/C reference mass at the 
designated target time. 

S 

36 

• 

O 

• 

• ■ • 

• 

A ■■■ 

o 

Mixed 

Sensitivity or guidance 
matrix which has been com- 
puted in a previous analysis. 
For linear guidance, S is 
input as a guidance matrix. 
For nonlinear guidance, S 
is input as a targeting sen- 
sitivity matrix. 
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Variable 

Dim 

Default 

Units 

Definition 

TARGET 

6 

• 

o 

A 

• 

• 

• 

O 

Mixed 

Array of reference target 
values evaluated at the 
designated target time. 

XGREF 

6 

0,...,0. 

km, 

km/sec 

Reference trajectory state 
vector at the current guid- 
ance event. 

XTREF 

6 

• 

o 

• 

• 

• 

A 

O 

km, 

km/sec 

Reference trajectory state 
vector at the designated 
target time. 

PRNML 

1 

F 


Do (T), do not (F) print 
namelist $GUID after read- 
log . 

Guidance 

Law and Policy Data: 



Variable 

Dim 

Default 

Units 

Definition 

IGUID 

1 

1 

* «• 

Guidance .law flag. 


= -2, nonlinear, impulsive 
guidance. 

= -1,} linear, impulsive 
guidance. 

= 0, zero-action guidance 

event with no maneuver 
performed but control 
statistics computed. 

= +1, linear, low thrust 
guidance event. 

= +2, nonlinear, low thrust 
guidance event. 


ITARGT 

25 

o 

• 

• 

• 

• 

o. 


Target policy vector; a non- 
zero value of any component 
indicates that the associated 
target parameter will be in- 
cluded as a target variable. 
All targets are evaluated at 
the designated target time. 

ITARGT(l) 



km 

X-component of the S/C state 
relative to the target body. 

ITARGT (2) 



km 

Y-eomponent of the S/C state 


relative to the target body. 
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Variable Dim 

Default 

Units 

Definition 

ITARGT(3) 


km 

Z-component of the S/C state 
relative to the target body. 

ITARGT (4 ) 


km 

I’Ll - radial distance from 
the target body. 

ITARGT(5) 


km/sec 

V x - component of the S/C 
state relative to the target 
body. 

ITARGT (6) 


km/ sec 

Vy - component of the S/C 
state relative to the target 
body. 

ITARGT (7) 


km/ sec 

V z - component of the S/C 
state relative to the target 
body. 

ITARGT (8) 


km/ sec 

|vj - velocity magnitude 
relative to the target body. 

ITARGT (9) 


km/sec 

v^p - hyperbolic excess 
velocity . 

ITARGT (10) 


km 

r ca “ radius of closest 
approach. 

ITARGT (11) 


km 

B«T coordinate in the impact 
plane. 

ITARGT (12) 


km 

B«R coordinate in the impact 
plane. 

ITARGT (13) 


days 

TSOI, conically interpolated 
time of encountering the tar 
get sphere of influence rel- 
ative to TLNCH. 

ITARGT (14) 


days 

TRCA, conically interpolated 
time of arrival at closest 
approach relative to TLNCH. 

ITARGT (15) 


km 

a, semi-major axis of the 
osculating conic relative to 
the target body. 

ITARGT (16) 


- - 

e, eccentricity of the oscul 
ing conic relative to the ta 
get body. 


47-C 


Variable Dim 

Default 

Units 

Definition 

ITARGT (17) 


deg 

i, inclination of the osculat- 
ing conic relative to the tar- 
get body. 

ITARGT (18) 


deg 

Sl> , longitude of ascending 
node of the osculating conic 
relative to the target body. 

ITARGT (19) 


deg 

eo , argument of periapsis 
of the osculating conic rel- 
ative to the target body. 

ITARGT (20) 


deg 

M, mean anomaly of the osculat 
ing conic relative to the tar- 
get body. 

ITARGT (21) 


deg 

4 , true anomaly of the oscu- 
lating conic relative to the 
target body. 

ITARGT (22)- (25) 


-- 

Not used. 
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Variable Dim Default Units Definition 

NTP 1 0 — Code flag defining the target 

planet fo.v the current guid- 
ance event. (See Page 7). 

TART0L 6 0 ,0. Mixed Target tolerance array. When 

the miss for each target vari- 
able is less than or equal to 
the corresponding TART0L value, 
the strong convergence criterion 
is satisfied. 


Knowledge Error Data : 

Variable Dim Default Units Definition 

CXS 6x11 0, . . . ,0. - Cross correlation array of 

solve-for parameters which 
have been augmented to the 
state vector. 

KDIMEN 16 - Dimension of the augmented 

state vector. 

= 6, s/c state vector only. 

= 7, s/c state vector and 

one mass (sun or a 
planet) . 

= 8, s/c state vector and 

two masses (sun and a 
planet). 

= 9, s/c state vector and 

thrust biases (magni- 
tude, cone and clock). 
= 10, s/c state vector, 
thrust biases, and 
one mass . 

= 11, s/c state. 'vector,- ■ ?- 
thrust biases, and 
two. masses.' 
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Variable Dim Default Units Definition 

= 12, s/c state vector and 
ephemeris planet 
errors (X,Y,Z,X,Y,Z) . 

= 13, s/c state vector, 

ephemeris errors, and 
one mass. 

= 14, s/c state vector, 

ephemeris errors, and 
two masses. 

=15, s/c state vector, 

ephemeris errors, and 
thrust biases. 

= 16, s/c state vector, 
ephemeris errors, 
thrust biases, and one 
mass. 

= 17, s/c state vector, 
ephemeris errors, 
thrust biases and two 
masses. 


p 

6x6 

• 

o 

• 

« 

o 

km, 

km/sec 

Correlation array describing 
the Cartesian knowledge 
errors associated with the 
actual trajectory state at 
the guidance event. The 
input format is the same as 
EPHERR (See Page 41). 

PS 

11x11 

Oja • . ,0. 

Mixed 

Correlation array of solve- 
for parameters which have 
been augmented to the s/c 
state vector. The input 
format is the same as EPHERR 
(See Page 41) . 

NEP 

1 

0 


Planet code (See Page 7) of 
ephemeris body, used only if 
ephemeris knowledge errors 
ere present. 

Guidance Event Control Parameters 

• ■ - ■ 

•• 


Variable 

Dim 

Default 

Unit 

Definition 

H 

10x20 

0 ,..., 0 . 

* 

Array of flAgs used to iden- 


tify the, active thrust con- 
trol variables to be used 
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Variable Dim Default Units 


Definition 


H(l> j ) 
H(2,j) 


H(3,j) 


H(5, j ) 


H(6, j ) 


H(7 , j ) 

H(8, j ) - (10, j) 
NMAX 1 

UWATE 6 


during the current low thrust 
guidance event. The entries 
in H have a one to one corre-^ 
spondence' to elements in the 
THRUST array. (See Page 10). 
Comment: Only the first six 

non-zero entries will be used 
since a maximum of six controls 
at any given guidance event 
is allowed (See Page 170). 

Not used. 

days A^ive thrust control is the 

j thrust phase end time 
(THRUST(2, j)). 


deg 


deg 


deg/ sec 


deg/ sec 


A^ive thrust control is the 
j thrust phase throttling 
(THRUST(3, j)). 

Ag|:ive thrust control is the 
j thrust phase cone angle 
(THRU ST (4, j)). 

Active thrust control is the 
j thrust phase clock angle 
(THRUST(5, j)). 

A^ive thrust control is the 
j thrust phase cone angle 
rate (THRUST(6, j)). 

A^ive thrust control is the 
j thrust phase clock angle 
rate (THRUST (7, j)). 

Not used. 


Maximum number of non-linear 
guidance iterations allowed. 


1, -- Array of control variable weights 

that may be used to arbitrarily 
increase the sensitivity of a 
given control relative to other 
controls . 


ft 
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Accumulated Guidance Event Statistical Data: 


Variable Dim Default Units Definition 


CC0VG 6x7 0,...,0. km, S/C state vector control 

km/sec error array computed at 

the current guidance 
event. This array is 
read as a (6x6) matrix 
of standard deviations 
and correlation coef- 
ficients. Only the 
principal diagonal and 
the lower triangular 
submatrix are necessary. 
The y*"* 1 column of this 
array contains the mean 
values. 

CC0VT 6x1 0,...,0. km, S/C state vector control 

km/sec error array computed at 

the designated target 
time. This array is 
read as a (6x6) matrix 
of standard deviations, 
correlation coefficients, 
and means in the same 
format as CC0VG. Computed 
whenever KTER=1. 

CNTC0V 6x7 0, . . . ,0. Mixed Correlation array for the 

active thrust control 
variables used at this 
guidance event. This 
array is input as an 
(nxn) matrix of standard 
deviations and correlation 
coefficients where n is 
the number of low thrust 
controls. Only the prin- 
cipal diagonal and lower 
triangular partition need 
to be input. The (n+1) ^ 
column vector contains 
the control means, 

DVMAG 2 Delta-velocity magnitude 

statistics . 
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Variable Dim Default Units 


Definition 


DVMAG(l) 


0. km/sec One-sigma delta-velocity 

magnitude. 


DVMAG(2) 0. km/sec 

DVMC0V 3x4 0,...,0. km/sec 


GMSC0V 2 

GMSC0V (1) 0. kg 
GMSC0V (2) 0. kg 
MS AMP 1 0. 


TARC0V 42 0,...,0. Mixed 


Mean delta-velocity magni- 
tude. 

Delta-velocity vector cor- 
relation array. Input 
format is the same as 
CC0VG (See Page 51). 

S/C mass statistics eval- 
uated at the current guid- 
ance event. 

One-sigma S/C mass. 

Mean S/C mass . 

Number of Monte Carlo 
cycles executed in a pre- 
vious SIMSEP run in which 
statistics on CC0VG, CC0VT, 
CNTC0V, DVMAG, DVMC0V , * 

GMSC0V, TARC0V, and TMSC0V 
were computed. MSAMP is 
used to re-initialize the 
accumulation of statisicts 
for the current run. 

Correlation array describ- 
ing target error statistics. 

The format here is the same 
as CNTC0V (See Page 51) except 
the dimension of the input 
matrix is determined by the 
no. of target variables. This 
array is input whenever KTER - 
1, or at the last guidance 
event. 


TMSC0V 2 S/C mass statistics eval- 

ulated at the designated 
target time. Computed 
■ ' whenever KTER 1. -.V/ 


TMSC0V ( 1 ) 


One- sigma s/c mass 

TMSC0V(2) 

’ kg 

Mean s/c mass 
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2.5 REFSEP Input Description 

Input to the detailed trajectory print mode of MAPSEP is 
made through the namelist $TRAJ and formatted cards. In addition to 
the baseline trajectory parameters, $TRAJ contains several variables 
used only in REFSEP (see page 12-A) . Of particular importance is the 
variable KARDS which must be set equal to the number of formatted cards 
following the namelist. The other REFSEP variables in $TRAJ are used 
only when S/C tracking information is desired. The print schedule 
cards follow directly behind $TRAJ and contain such information as 
start and stop times and time intervals between specified blocks of 
trajectory output. The format for these cards is exactly the same as 
that for measurement schedule cards characteristic of the GODSEP mode 
(see page 34). A brief summary of the format and an example follow. 

Each schedule card contains three time control variables in 
Columns 1-30 (format 3F10.4) and one print code right justified in 
Columns 37-40 (format 110). The time control variables are START, 

ST0P , and DELT where 

START = start time, referenced to TLNCH, for scheduling 
current print blocks; 

ST0P - stop time for current print blocks; 

DELT = time interval increment for scheduling. 

Internal tests modify START if it is less than TSTART, and ST0P if it 
is greater than TEND. TSTART and TEND are input variables in $TRAJ which 
define the initial and final trajectory times respectively. An additional 
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option of specifying DELT=0. aids the user in redefining the range 
of times which are allowed on subsequent cards. The START and ST0P 
times on a DELT=0. card designate the new scheduling interval for 
all succeeding cards until another DELT=0. card is encountered. The 
redefined interval supersedes the nominal (TSTART, TEND) interval. 

The print code (klmn) is a four digit number designating the 
print blocks to be output at the appropriate times. Each digit re- 
presents a different type of print block and the value of the digit 
determines the level of detail to be printed (i.e. the largest value 
of the specified digit includes the print suggested by the smaller 
non-zero values). The blocks of print are selected as follows: 


n = 0 to 3, Nominal Trajectory Print 


k/mO 


current time and the Julian date 

k/ml 


body relative S/C states and S/C accelerations 

kim2 


individual perturbing accelerations and 
planetary ephermerides 

k^m3 


integration data, Encke formulation 


m 

= 0 to 2, Primary Body Data 

vjton 


no primary body data 

k^ln 


osculating conic data 

k|2n 


relevant unit vectors 


£ 

=0 to 1, Target Data 

kOmn 


no target data 

klmn 


B-plane, closest approach parameters, and orbital 
elements relative to the target body. 
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k = 0 to 1, Tracking Data 

oimn no tracking data 

limn S/C in various topocentric coordinate systems; 

S/C rise and set times relative to Earth based 
tracking stations; target body rise and set 
times relative to one astronomical observatory. 

For the special case when the print code is set to (0000) or when 

the code is not input on the schedule card at all, the default print 

code of (0001) is assumed. 

Figure 2-5 is an example of one possible schedule card. If this 
card is encountered by REFSEP the print code 1123 will be scheduled 
at 100.5, 110.5, 120.5, ... , 190.5 days or a total of ten times. 
Note that the stop time of 200. days is not a scheduled print time. 



Columns 


1 to 5 


200 _. 

11 to 14 



21 to 23 


U23, 

37 - 40 


Figure 2.5 REFSEP Detailed Print Schedule Card 


The code 1123 designates all possible print blocks as previously 
described to be printed at the ten time points. The fact that track' 
ing data is to be computed necessitates the inclusion of the Earth 
code in the NB array found in $TRAJ. Control phase change print and 
primary body change print are not included in this code. To obtain 
this output the IPRINT flag in $TRAJ must also be set to the appro- 
priate value. However, the termination print at the final time is 
always output in a REFSEP run. 


53 


3.0 OUTPUT AND SAMPLE CASES 

The form, type and amount of MAPSEP output depends upon the operating 
mode and whatever options and submodes have been exercised. Output can be 
very extensive or it can be quite simple and in summary form. Because of 
MAPSEP complexity, a general rule of thumb is to output as much as possible 
unless the user has a very specific purpose in mind. 

3.1 Card and Tape Output 

All modes are capable of storing reference trajectory data via the 
$TRAJ namelist on disc (the STM file) for subsequent stacked cases. By 
transferring the results on tape (or permanent file), a permanent record 
can be obtained to be used for future runs. However, because of the rela- 
tively small amount of card input for $TRAJ, use of permanent STM file is 
not recommended except for GODSEP where a great deal of additional data 
is stored. 

. Available card and tape output is shown in Table 3-1 with the input 
flag chat triggers the output. Certain output in the form of punched 
cards are automatically output if specific options are exercised. Obvi- 
ously. more than setting an input flag is required for meaningful output, 
and the user is referred to Chapter 4 for recommended operating procedures. 

3.2 Printout 

There are two blocks of printout which are common to all modes: 
initialization and TRAJ print. Initialization print is displayed on the 
first page of every run and contains the reference trajectory data, includ- 
ing start and end times, initial state vector, spacecraft characteristics, 
thrust control parameters, etc. 
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Input 

Control 

Output 


Mode 

Flag 

Format 

Data 

TOPSEP 

ISTMF 

STM File 

$TRAJ namelist 

GODSEP 

ISTMF 

STM File 

$TRAJ namelist; state transition 
matrices and trajectory data at 
specified trajectory times. 


GAINCR 

GAIN File 

$G0DSEP namelist; event schedule; 
filter gains at measurement events 


SUMMARY 

SUMMARY File 

Navigation summary 


PUNCHE 

Cards 

Knowledge (P) and control (PG) 
covariances at selected event 
types. 


IGREAD=0 
(and NGUID^O) 

Cards 

Computed variation (VARMAT) and 
sensitivity (S) matrices for 
guidance events. 

SIMSEP 

ISTMF 

STM File 

$TRAJ namelist 


I PUNCH 

Cards 

Cumulative statistics for each 
maneuver (CC0VG, CNTC0V, DVMC0V, 
GMSC0V, CC0VT, TARC0V, and TMSC0V) 
and for the total mission (ATHC0V, 
ADVT, ENDC0V, and AMASS). 


I PUNCH 

(and INREF=0) 

Cards 

Reference trajectory (XEND and 
MEND) and guidance event data 
(XGREF, MGREF, S, XTREF, MTREF 
and TARGET). 


Table 3-1 Card and Tape Output 


TRAJ print is output when the trajectory propagation routine is called 
(and the related print flag is triggered) by the mode in operation. TRAJ 
print is used either by itself or in association with mode peculiar print 


and displays instantaneous trajectory information at a specified time. 
Trajectory data includes current mission time, spacecraft mass and thruster 
power, state and acceleration vectors, etc. 

The best illustration of mode related output is by example. Hence, 
the following sections contain sample printout from TOPSEP, GODSEP and 
SIMSEP, including all necessary input to make the runs. The mission used 
for all three sample cases is an SEP slow flyby of the comet Encke in 1981, 

3.2.1 TOPSEP 

The TOPSEP sample case illustrates the STM targeting procedure for 
an Encke flyby mission. This run represents one iteration in the later 
stages of the targeting process in which targeting error only is to be 
minimized. Convergence has not been attained at the conclusion of this 
iteration; however, extending the maximum iteration restriction to three 
(NMAX in $T0PSEP) does allow convergence to occur. 

The first page of output is a listing of the $TRAJ namelist input 
which contains reference trajectory data and M0DE = 1 specifying the 
TOPSEP mode. All $TRAJ variables which are not listed on this page assume 
the default values as specified in Section 2.1 (Page 4). Together with 
the default parameters these variables specify the details of the Encke 
flyby mission. The initial state is provided in geocentric ecliptic 
coordinates (ICp#RD = 3, NLP = 3) for the launch date of March 24, 1979, 
(TLNCH = 2443956.65). The trajectory control policy (THRUST) consists of 
nine segments with a 64 day initial coast followed by 523 days of contin- 
uous thrust. Thrust shutdown occurs at 587 days after launch and the tra- 
jectory termination time, TEND, occurs at 593.4987 days. Note that termi- 
nation' or final time is mandatory under the STM targeting procedure; thus. 
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the trajectory termination flag, IST0P , must maintain its default value 
(IST0P = 1) . A summary of the above variables and other pertinent $TRAJ 
parameters may be found on the second page of the sample case output. 

The remaining output pages refer to the TOPSEP mode exclusively. 

The $T0PSEP namelist on the third page contains control and target in- 
formation. The TOPSEP submode flag, IE^DE , designates the targeting and 
optimization option; however, the selection of the STM method of target- 
ing (IASTM = 1) precludes the optimization process. The TOPSEP initiali- 
zation summary follows on the next page and is self-explanatory. Note 
that X, Y, Z targeting relative to Encke has been designated with desired 
target values equal to zero and acceptable target tolerances equal to 
fifty kilometers. Hence, the trajectory is considered targeted and the 
iteration process converged when X, Y, and Z each fall below fifty 
kilometers at the final time. To accomplish this task, four controls 
have been selected -- the cone and clock angle of the sixth thrust phase 
and the cone and clock angle of the eighth thrust phase. Corrections to 
these controls shape the low thrust trajectory from 525 days to the final 
time; the 525 day trajectory arc from launch remains fixed. 

The first operation that TOPSEP performs after initialization is 
propagation of the reference initial conditions over the fixed 525 day 
arc. Since the initial state reflects the Earth relative injection pro- 
cess, the parking orbit transfer data and injection data are displayed 
(analytic discussion in Reference 1, Page 129). Beginning at 525 days, 
the f and 0 partitions of the augmented state transition matrix 
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(Reference 1, Page 140) are integrated to the final time and printed. The 

termination print block follows immediately and displays the values of all 

possible target variables. Included in this list are the values of the X, 

Y, and Z targets which result in a position error of 82939 kilometers and 

6 

an initial target error index of 2.75 X 10 . 

Following the zeroth iterate and each subsequent iteration is the 
iteration summary. The parameters which are listed in the summary are 
defined below and are discussed in Reference 1, Section 5.3. 

F = performance index (mass) DP2 = optimization scaling 

EMAG = quadratic target error GAMA = control step scale factor 

E = target error (desired - actual) 

DPSI = desired amount of target error to be removed 

G = performance gradient WRT control parameters 

DU1 = optimization control correction 

DU2 = targeting control correction 

DU = control correction for this iteration 

C*DU = scaled control correction (GAMA*DU) 

UOLD = nominal or previous control parameters 
UNEW - control parameters after this iteration 

PI = net cost (Analytic Manual, Page 51) for nominal and each trial step 

P2 = EMAG for nominal and each trial step 

P1P2 = 0SCALE*P1 + P2 

SENSITIVITY MATRIX (printed twice) = change in target parameters WRT 

control parameters. 

Once the sensitivity matrix is computed the control correction (DU) is 
formulated which reduces the target error. Subsequently, four trial 
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trajectories are integrated each of which incorporates a scaled control 
correction in the thrust profile. The scale (GAMA) is computed using 
a polynomial minimization technique and is summarized after the trial 
trajectory print. Notice that a scale on the control correction for a 
fifth trial trajectory has been estimated; however, the trajectory is 
never integrated since the scale is within one percent of that for the 
fourth trial trajectory (GTRIAL(3) = .01). The best trial trajectory 
is, of course, the one which minimizes the error index. Clearly the 
best trial trajectory is number four which has reduced the error index 
to 4.03 x 10 . The position error for this trial trajectory is 1004 
kilometers, a reduction of 98% from the initial trajectory error. The 
new control vector is printed in the summary for the first iteration. 

It is formulated as follows; 

u = u + Y«A U 

—new —old / — 

or 


129.691 


130.432 


- .741 

272.200 

= 

272.530 

+; 

- .330 

157.017 


165.000 


-7.983 

77.844 


77 . 590 


.254 

» 


» m 


. 


where the units of u are in degrees. In terms of the printout in the 
iteration summary 

UNEW = U0LD + C*DU 

At the conclusion of each run the best trajectory is integrated once 
again and printed according to the format requested (MPRINT(l) = 1). For 
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* 

this Encke flyby mission the fixed 525 day arc is not duplicated since 
it appears in the very first trajectory printout of the zeroth iterate. 
The trajectory segment which chanipis from iteration to iteration is 
printed, however. This arc includes the sixth, seventh, eighth, and 
ninth thrust phases. If the iteration process were to continue this 
trajectory would become the reference for the second iteration. 
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TLCA-< 
OF 2 > 

t FECN > 


-♦C.I « -.2C«E-»#»— STCt — » 


.1CC00CE*C1 

.10GOt0 e »Cl 

•4CCCCCE-C1 

0 . 

— .iCCOOOE“C3 


GTPlALtll 

— GTR1AL <e> 
GTRIAL (3) 
GTR1ALCR) 

— GTRIAL (E)- 


. 100000**00 

-. 5000000 * 01 - 

.lOOCOCE-Ol 

.1JC00CE-14 

-»40COeC£*01 


-TARGET FAR ALTERS— 


1CIERAACF 

.5 CCO COCO 3 CQOQ QE*C2 
• ECO C0C0CCQQ08 0E*0Z 
.5COCOOa<’GaOl'COE*C2 


- TH*GST -CCA JFCL CFSIGAAT ICAR INCA-ZFRO VALLF FLAC-S CCNTRCL TC BE- JSEO IA STM-TARGETING > 


Target 
-PHASE — 
AUAPER 
1 


THFLST FHASE TARGET FaASE 

— fcAO TINE — .IhKOTTLIAG— 

(CAT5) 


t .C3CC3 

c.ncco- 

C .13 CCS 
c.oacto 
-GrGEcaa- 
C.UCCO 
t.ICCCS 
- 1 .SGtGG- 
C.C3-3C0 


0.03000 

• o.oooac - 

C.30G0C 

C.1CG3C 

-a.-cc-aoa- 

c.r’cct 

0 . 1 CG 0 C 

C.3C03C 

3.3CGCC 


TARLST PMJE 
— GCAF AAGLE - 
ICEGI 
C.CCOQO 

— o.crGon — ~ 
0 .CCOOO 
G.CCQlO 

0-* GSGQ 0 — 

1 . C 0 C C 0 
0. CO CCO 

- — i .c-aaaa- — 

o.cajGo 


TARGET FAASE 
-CLCCK AAGLE- 
IOEG* 
e.ccouc 
,-- 0.05008 

o.ccocc 

0. ctaoc 

O.C-COGG 

1 . C 00 QC 
0 . C C 0 3 C 

— - i.ccaoo 

o.ccoac 


tafgsi phase 

— CGNF RATE - 
(LFG/SECl 
C.00G00 
— C.OOCOO — - 

c.oocoo 
c. cocao 

E.-000-JO — — 

C.OOCOQ 

C.0CC30 

■ ■ — c.oocoo 

c.oocoo 


THRUST RAASE 

- CLOCK RATE — 

tCEG/SECI 

O.OOOOC 

— a.oaoao 

a. coocc 

O.C3000 

— o.eoooo— — 
o.cacoe 
c.cooac 

— o.c-aoac- 

0.00000 


USER INPUT AETGHTTNG 

SCALE CA CCATRUS IN MEIGMTlAG ALGCFITAM-— 


« ICC Ctc* Cl 


.20CCCE4CJ 


.S0CCtE*Cl 


.saoooFASi 


SCI ACS CA CCNTRCtS 


.13‘tCCf CB00CE*0I 
.1ZECCCCOOOOSE*03 


•2tOOOGOCOCCQE»03 

•2E7OQCCOOSCOE*03 


.ItSOCCOOCOOOEtOJ 
. 1550C COC CflOOE' 03 


.E03000900000EA02 
. 75000000000 0E*C2 






INACTVdl * 1, CCNTPOL *cttve 
— rcMoci imctive (on ecunc> — 

•1, CONTROL NITHIV TCLCtUNCE REGION 

— IHtC f V « 1 h~ * — * —I — 6 \ 

m*NK CCPNCN PEOUIBEO, t021«3 CCTILt 
4- (CCSE RECOIBEO FO e TUTS JCB, iJfcl2SP 0CTH> - 







f 


»•«••• ♦♦ ••«««»• *•» *««*•*• • « 


□ 


PEFERFNCE TRAJECTORY INTEGRATION 


****** TtG MULT TFL P -IMPULSE FAPKING CREIT TRANSFER ANQ INJECTION CCNCITICNS ***** 


LALKCM CCHST«*INTS 


MINIMUM FCCSTFF LAUNCH AZIMUTH— 3*. E00EG - CEE 

MAXIMUM CCCETER LAUNCH AZIMUTH 120.06030 CEC 
LAllTLC* OF L*LNCU SHE 28.60800 CEC 


INNER PARKING CR3IT 


FA CILS 

EC INCLINATION 


6561 .93292603 
59.76972171 


KM 

DEC- 


MAX ALLCH/etE EC INCLINATION 
MIN ALLCKAELE FO INCLINATION 


59.76972 

26.6S8BQ 


CEG 

CFG 


KIN FLANS CHANCE IC CIJTFR PAHKING CFCTT 
- €0 TfcCLIM 5 ICN CF CUTER PARKING ORETT- — 


TUG OAF AGTFFiSTICS A«0 SSGUIRENFNTS — 


9.20726 

63.97200 


OFG 

CEG 


a> 

OJ 


CRT hf TOT 
•U> FUEL HEIGHT 
SEF S/C NSKMT , 
♦STAC NS IGF T 
■ SPECIFIC IFF LL EE* 


17l»i.6(lC33 
l 0673. 033 30 
1983.30.30 
19275, £6216 
— J09.-2CC-10 


KG 

KG 

KG 

KG 

SFO 


FIRST IKFULSE, CELVA 
SEGCNC IMPULSE. DELVB 
TMFC IMPULSE, QELW0 
TOTAL VEL INCREMENT 


o. km/sec 

.57569109JE+00 KM/SEC - 
•598159665t*0l KM/SFC 
.6 057687796*01 KM/SEC 


FUEL FOR PELVA 

fuel For oelvb 
FUEL FCR OELVO 
TOTAL FUEL 


0, KG 

. ?965<» c 3lFE*CN kC 
.S92999228E*C9 KG 
. I2925936SE* J5 KG 


-THE FUEL RE CUIF20 FGR INJECTION TS GREATER THAN IhE TUG?- FUEL- CAPACITY 


- 5IFCL* JMFIL'F IRJFCIH** E»CM TM.E INNER FARMING ORE IT 


IMPULSE. CELV1 .53751 99 91L*0I 

-FUEL PC* CiLNl— .1153J7277f*85- 


KM/JEC 
■ KG 


-TNjECT K*~ PARAMETERS— 


RACICS, F«C 

-INC. FINC 

TIME, FTC 


, 656153253*02925*09 
— .Cfi53G92«35Gt9E*0 2- 

e. 


KM 

-GEG- 

SEC 


INJECTION IMFULSE, CELV0 
-IN-PLANE ANGLE, CMT 

out-cf-flane angle, psi 


•5961596651 €033 E* 01 KM/SEC 

— 7957557922E692E*C2 -DEG 

0, CEG 











Julian cate — 2443955 . £5476900 

CONTFCL FHAS6 — 1 

PRIMARY 

BODY — EARTH 


DAYS FRCN laon/h- — 

— a. oo oc mao • - 

— FRESEM S/C HASS- 1 988 . 0 0 CQOfl C«- 

-KG — FFHEMESJS BCCY -»«_FHCKE 


CAYS FSCN CLUFF- 

5S2.4=«7caac 

' FONER AVAUAFL6-- 21.0000CCCO 

. K« TARGET 

BOGY — EHCKE 

— 

S/C HEIAYJY5 5H|tc,«, 

• ••- > 

. V . 

Z 

4 

— -.JtASMTLCf- - 


SUN PCSITTCN 

-.i<.eq5cc7422C5et*cs 

*•759000435719986*07 

.1617404720rQOOE*04 

.1451433 29 75274E* 05 


YELCCJTY 

-.591525283473346*01 

-.363848779019006*02 

-.733l233750a0COE*01 

. 395238669153176 *02/*^ 


EARTH FtSITICN 

-.552111445000006*64 

.21F714698COOOOE404 

•181740472000drt*04 

.65tl532536£3426*C4 


VELOCITY 

-.F94S6773CC0eCCF*Cl 

-.652610783000006*01 

-.73J123375a00Q0E*Ol 

•13Z168C5CF7C94E*C2 


EHCKE PCSITTCN 

-.7 21 17 6 97 67 £9766*05 

•21C27195C7092S£*05 

-.111S53SB181826£*C8 

•75128S46dl35d£E*C9 


VELOCITY 

-.o385?48154 c 5£.36*Cl 

*.4 3 4752 75 8 592206*02 

-.852878395548586*01 

. 450936769413305*02 


S/C ACCEUESATICNS 

X 

Y 

Z 

MAGMTLCc 


PF IMA C Y «C"V 

.8455805324 56 6d6- 02 

••209485E7026085E-Q2 

-• 259539 8 6 66 6108 E- 02 

.537050350501376-32 


pfrturfing ecriFs 

-.45665f77252119F-CS 

-.122145)542 5694 E— 09 

• -.727029401153806-10 

.+8(2 19 4J6 155(tE-G5 


TPFLST 

C. 


0. 

0. 


kACIATICN FFEISURE 

C. 

C. 

9. 

9. 







- ■ 


. 

primary ecnv change - • 

* 

. . . . .. .... 

. .y r - ■ - v - — 


JULIAN CA1E — 24 4 

35FC.22F.69455 

CCMFCL PHASE — 1 

PRIHARY 

BODY — SIN 

— — FfiCK .LlUiru. — 

— 3-r*^71?145€ — - --- -- 




CAY5 FFCH CV1CFF- 

989.92678544 

PONES AVA ILAPLt-- 21.00000000 

KN TARGET 

BOOY -- ENCK6 


S/C RELATIVE MATES 

X 

Y 

„ 2' 



SUN FtSITICN 

-.1484344f’45 7350t*C5 

lE499E4291C694t*08 

-.14647361C3t397E*07 

•149585555204r6E*GS 


VELOCITY 

,260627*i32545?2E*oi 

-.35X78178377871E+02 

-.467756600841946*01 

.3558337837519+6*03 


FARTH PCSITYr/l 

-.9 149I215F3?429t* CS 

1712587*2442626*07 

146473510363 97 £*07 

.225533612517776*07 


VELOCITY 

-.25732762253854 E»C0 

-.546970 83948676+01 

-.467759600841946*01 

.72 0165513658 4C£* Cl 


FNCNF PCSITJCN 

-.7214G?58?868e’3F*C6 

.1 97785 33747162E* 09 

-.130312193223216*08 

• 74£ 143259 Si C5lE*0S 


V*LCCI1Y 

•22?8541F285257E*00 

-•403073717956336*02 

-. 5873 1 1724 0642 4E* 01 

•4073365 98 2946 t£ *02 


S/C »CCELFF»T JCNS 

X 

Y 

Z 

HAGNITICE 


ffin/m ?C r Y 

.68E49tC243F4ne-C5 

’ .733445 c 47IC939E-06 

»56u7l577C918C5E-07 

•552C7l2747CoClE*C5 


PEFiupeiff- secies 

.3235821b2337?5E-C8- 

*— .6 023 5245 7 145136-07 

— . 5151 6 1077607 91 E-C7 

.793261 9392»75(E-t; 


THRUST 

3. 

0. 

0. 

0. 

..... 

PACT A TTCN PKFUUOE 

c • « 

C. 

0. 

0. 


GtHTRCU PHASE CHANGE 


JULIAN CA If -- Z449C20. 6.5476000 

•OATS F*C**-1»UNCH- 6k. OOOvflflOfl 

DAYS PPCH CUTCFF- 529.4987C000 


CONTRCU PHASE — 2 

-f RESEAT S/C NASS— -1985.00000000 — K6- 
POWER AVAIIAFLF-- 15.13509631 KN 


PRIMARY 80CY 
- EPHEHE3IS ECOV 
TARGET 800Y 


TH»U5T PHASE • 
DURATION 
TO AYS 1 

— 7E.OE2O0SOG — 


■THRUST PHASE 
lFRCTTUIfG 

• - 1.69000086- 


■ — THRUST PHASE- 
CONE ANGUF 
(OEG) 

66 .1 0 0 0 0 0 C 0 


— THRUST PHASE- — 
CLOCK ANGLE 
(OEG) 

— 224.63CCOOeC 


THRUST PHASE - — THRUST-PHASE- — 
CONE RATE CLOCK RATE 

(CEG/SEC) TCtG/SEC) 

— c.ooocoaoe s.oooocaae - 


S/C RFLATIVE SIATFS 
SUN - ■ RCEITIFH — - 
VELOCITY 


■■7 21336556467 99E+C6 
.22518307777927F+CZ 


--.I6S194S?'5CS711E*09 
-.2 0211559 127555E+02 


—.216826588226K.E + S6- 
-.261783366557365*01 


PAGMTLlE 

rlEE2l5<0«7C«lEF*0S~- 

.3C38976247867‘2E*C2 


-EARTH- 


FC'ItlrN- 

VELCOITY 


'iS?36 7feke5«25kE*C7- 
■•4C564006885459F*C1 


31504983 79 6014* *88- 
-.7£i(973f761f77flE»01 


-”i2168 2SS8*22630E*0t" 
-.281783366557366*01 


ir35 J4f 5*7262t^ifcC♦C€- , 
.91CS6616S73^.^6E♦e^ 


EHCNP 


Pf £ IT TON 
VflCCITY 


S/t ACCFLf P AT If NS 
PRIHiO °CCY 
P C P TORE INC fiOTTES 
THRUST 

RAC1ATXCK PRESSURE 


-.65290631955255 F*G5 
♦2169T46B545360E+C2 


.15060966130011 £-05 
.652«*C*2516f3J0F-lC 
-.25676855761707E-C6 
0. 


•186814388724406+08 

-.255516972751916*02 


•35340160655750 6 -uS 
.229732665512716-09 
-.520977919172376-07 
0. 


-.355 8 36 52 6650126*08 
-.356911292159786*01 


.45?06«4B421b39t-06 
.195 C 196 2S29993F— 05 
- • 20271267531807E-06 
0. 


. 659373652 73»56P«C5 
.391899990181:96*02 

- HAC-MTUC-6 • - 
•36 6063776 66276 E- 05 
£,27*3309312Pt32E-CS 
.331257935086356-06 


O' 

un 


JUUlAf. CATE — 2999056. 6E97fODC 
CAYS PFC r UAUHEb- 195. TOO CCOO G 
CAYS PPCH CUTCPP- 95 3.956? COO 0 - 


CCMRCL ! hASF CHANGE 


CCKTRCL PHASE — 3 

pRESET^T S/C HAS »- 1876.899971 98 KG 
- FOWL P A V A ILAElE— - ~ 8.59838522 K«- — 


PRIMARY 9CCY 
EFh-HFRlS ECDY 
-TARGLT 600V 


THRUST Ff- A S F 
- rURATICN 
(OAYS) 

90. CC0000C0 


S/C RELATIVE STATES 
SUN PfEITKN 

,, .. VfLCflTY 


THFUSI PHASE 

- IFFCmUE 

1.00000000 


THRUST PHASE 
- CCHE ANC-UE- 
(DEG J 

75.GCCC00C0 


THRUST PHASE 
• CUCCK ANGUE- 
COEGl 

252 • OU 0 00000 


•815C56?59E e 6f6C*L6 

.2205C168504456E+G2 


".236 1357933 8 911E*09 
■.300QC09G 31588SE+0I- 


THPUST PHASE 
— CCNE RATE - 
(CEG/SEC1 
O.OOCQOOOC 


THRUST PHASE 
— CLCCK RATE— 
- TPEG/SeC) 
0.00030300 


-.262o726525’289E*C8 
— • 49 08371559 0774c *G0- 


HACMTUCE 

.2E9C7l6t25lt64E*C5 
-.22 2587463359156 + 02"' 


EARTH FC5TTTCN 
~~ VflCriTY.. 


.3150 547545 69€3E,*C 6 
. 25665565 67 77726*0 1- 


-.13799312757 25 06*09 
--.24595563j6inPSE*02 — 


-.?83673CE253£S9E*08 
-.450837155907745 + 00— 


.14388C7272CC14E+C5 
-.2513222226426 / 6*02— 


ENC*P 


PCSIT.ICN 
■VELCriTV 


.956973 0516 c 26 5 F* CS 
.237124467133076+02- 


-.9118455C610056E+08 

--.94021125767899E+01 


*.5336 57 83737 9Z9E+08 
*.5759»073356997E*00 


•s0759CS3557461E*C5 
•2551452*361 3636*02 


S/C ACCELfRATICNS 

PSJHASY 2CCY - ~. 

PEPTt.'RFIPC PCCTES 
THRUST 

-RACIATICn—PRESSURE— 


* . t £ 54 7££47S?4*7E-C6 
-. 875571753512446-11 
*. 1548587586756 4E- C£ 


15350 291* 546516-05- 
.JC39I7C2 ‘717476-10 
-• 11360232 (27376E-06 


-. 225541498 74820 E- 06 
.3842SU 152643745-11 
.533669 3761 2 21 5E-0 7 


HAGMTUCE 

--2CE58 8371516 C7E-CE 
.3166041 55 5l?55t-lC 
•15S3356C9CC16SF-C6 



CCNTRCL PMSE CHANGE 


JLLIAh CATE — 2444186.6547(000 
CAY« F*C7 LACKM- 2 2 3 • 1 3 1 C C 0 C C 
OATS FRCH CUTCFF- 362. <49873000 

THFUSI FFASF TFRL'S T. FHA S 6 
OLRATICN THROTTLING 

- .. . — — .ICAVS) 

24?.0n0CGCC 1 . 03 0CC000 


CCNTRCL FHASE — 4 

FRESEH S/C P/.SS- 175(. 13915424 
FGHEP A'.'SIUElE-- 5.62680E53 


PRINARY BOCY 
EPHEHERIS eCCY 
TARGET eOOY 


>• SEN 

— ekke 

— ENCKE 


THRLST PHASE 
CCNE ANGLE 
- (OEG) 

85 .33 4 C 0 0 Q C 


THRLST FHASE 
CLOCK ANGLE 
(DEG) — 
269.00033000 


THRLST PHASE 
CCNE FATE 
(CEG/SEC) 
0. uUGCSQOu 


thklst phase 
CLCCK FATE 

l CEG/SEC) 

3.03000030 


-S/C- SF4ATIVF - STATES 
SLN FCSi7T.CN 
VELCCITY 

EARTH PCSITICN 
VELOCITY 

CNCVF PCSITICN 
VELCCITY 

S/C ACCEL E C AT J CAS 
FSIPAB) PCDY 
Bp 4 T<J°€ INF EGf-IEG • 
T>RL£T 

PADIATICN EFF<-UB£ 


.. - X - 

.22*3€7£1756627E*C5 
. 1*585454 1855466*02 

.121702082175776*05 
• jES56821805648E*C2 

-.328837*36360626*55 
•15237*4046? 4746*02 


-.95*847865506556-06 
— .13883G45566S356-1C 
-.67G05778934054E-07 

C. 


••22G0lZ73?41B55F*39 
•66461423 3 083716*01 

-.3<687320.S87J85E*09 
-.128832284*2811 6* 02 

-. IZ443624587365E+C9 
-.255T4057123381F+00 


.V2631EC956749*F-06 
*. 101548241 057 48E-1Q 
-.1C471S59R5S898E-0O 

C. 


-.18 091559694180 E* 08 
.15292C2757E7466*01 

—• 18091959694 180F*C8 
•15392027 97 57*8 E+01 

-.568282*65366605*08 
. 1025610710 0954E* 0 1 


. 76994€P559 C 545E- 07 
-,171346709700426-12 — - 
.172782535753456-08 


HAGNITLCE 

.21*759362387436*55 
•161482C4°77d63fc*C2 ' 

•345263236525656*05 r' 
.35152368758395 E«C2 

. 3£5250fc05«710c*05 
•152688164E42 626*02 

TACMFLCE 

•122553257FE555E-C5 

— 172C14234*782A£E-U 

.1361556507744*6-06 


JULIAN CAT* -- 2444*25. F547600C 
DAYS FSCH LAUNCH-- *7 £. CtJO C COCO 
OATS FRCP CLICFF- 123. 498 70000 


CCNTRCL PHASE CHANGE 

CONTFCl FFASE •- 5 

FRESENT £/C NASi- 1639.30654624 KG 

FOKER^AVULAtLE-* 6.49525579 KK 


FRTNARY 90 CY -- SLN 

EPHEHERIS BCOY — £NCKE- 

TARGET EODY — ENCKE 


-THRLST FHASE 

olrattcn 

• t AY SI 

- 55.C3TC00CC 


— THRLST PHASE— 
THROTTLING 

1.C3CC00CC 


2/C RELATIVE STATfS 

— SUH — — -PCSTTTCN 

VELOCITY 

— EARTH — PCStTXC* - — 
VELCCITY 

— 6KCKF — -POSIT ICN — 

VELCCITY 

- S/C aCCElFRAIICKS — 
PRIPAFY SCCY 
FESTDoEXAC FCCTES 

— TH*LST- — — 

RAC1ATICN PRESSURE 


— .25181525237123C*C5- 
-• c 4S4£25445C2S7e*tl 

— ,254420421805036*15. 
-.37/82773745280LVC2 

— ,528784 C2l2388CE»C8- 
.7S20G717875675EK1 


-•15354E2756166CE”t5 
-•7S5442C971^2E7E-11 
— .AC546755234526E-G7- 

9. 


THFLST FHASE —THRLST CHASE THRLST FHASF JThR LST -PHASE 

CCNE ANGLE CLCCK ANGLE CCNE FATE CLCCK RATE 

<CEC-> (OFG) (DEG/SEC) (CEG/SEC) 

12C.5C1CCUCC 268.74200000 0.CCQC0CCC 0 . OOOJOOCC— 


-.14268615066 7986*08- 
.12606125iai767E*02 

,1EI797756E<;7€CE*05 
. 53908510 155149E*01 

,.427726436886446*08- 
.5 5325652118 30 2E*01 


••75604239"’3C5 276-07 
. 14£*9555iC344 8E-10 
— . 16262745 ’764646-0 6- 
C. 


-.25332247271927E*C8— 
• 160 7 8924365 953E *01 

— ,253 322472715276*5 8 — 
. 1EC78S34365953E+CI 

--,17 *97 6 6 £7412236*0) — 
.186514580564176*01 

-.123 2922683 7283c- 36 
-. 365 00e57*33706t-12 


HAGNITLCE 

.,293264573S52l3E*C5- 
«15f 63 173717c? ££*02 

-,3C2S?228S35E56£«C9- 

.382981528284856*02 

—3X643227*234816* 08- 
.984 77 6° 47 385276*01 

MAGNITUDE 

<,i5*3£9C63E21£2E-C5 

•166057C09662C6E-1C 


ORIGINAL PAGE IS 

Of POOR QUALTTS 


Q 


-JULIAN CATB- 


- 244.4461 .6547 81 ) 0 £ - 


DAYS FRCP UlJK*- 
CAYS FRC* CUT CF P - 


525 . 3 S 3 CC 000 
6 e. 4587 U 0 C 


—CCNTRCL PHASE -- 6 

FRESEAT S/C PASS- 1584.46949651 KG 
POWER AVAIUAEIE-- 5. £4559458 KM 


FKIPARY- 8 CCY- — SUV- — 

EPHcHERIS ecor — EKX£ 
TARGET eOOT *- EACKE 


S/C REllIl/P STATE! 
SIW PCSITirN 

— VELCCTTX 


• 2285525 4 C 0 A 3 E 2 E* CS 
■-• 1847 £ 439527 C 10 E*{ 2 ~ 


. 65717242 ‘jF 1515 E+C 8 
• 101458325 3 0355 E* 02 - 


• 30528 t? 863 E? 84 E*C 8 

-. 612726 S 6176943 £*,M>-. 


PACAITUCE 

• 2 iE 04621 S 451 t 4 E *05 
-« 21 C* 77255 fc*c» 8 i * 05 - 


EARTP PCSITKN 
• -- 4 EICCTTV 


. 87 E 012 El€KEC 83 E* 0 ? 

> 2566 ? 58 a 772 B 23 E*C 2 


. 12 889 E 48.22 78782*09 
17152234 , ! 13416 c* 02 - 


. 3 C 5 ? 687863 £ 764 E *08 
• 6 l 272 £ 56 l 76943?*>10 


. 15888 E 378405 : 5 F*t 5 
-,34 27 < 4S7 83j2 85E«H- 


EAC«E FCSIT 1 CN 
VEUCGTTY- 


. 2150566505 £ 1 C 4 E*C 8 

. 530 AF 27 EE 15312 E+G 1 - 


-• 185012 G 0 .J 5 E 08 SE*C 8 

-» 47303 € 7 C 175554 E* 01 - 


. 880687168612462*07 
> 1-77 1 76 E 2 553753 - r *il- 


• 2555512 29 595 25 £*C 8 
. 7327828 C 0 - 8 € 47 i£*C»-.- 


S/C ACCEUERATICNS 
FRIPAOY eccr 
PE»IU<»EIAG FCCXE 3 
TP RUST 

PACIATXCN PRESSURE 


-. 226107367011626-05 

-. 2 SG 8751973 C 3 TSE- 1 C 

-. 13 E 837 E 2714165 E-CE 


-. 677338625258402-06 

-• 6 C 3498 £ 3 c 33 t 36 E-Il 

-. 328275505222346-06 


300485857180462-06 

311137241718582-11 

4207440197 E 915 E -07 


78 GMT ICE 

• . 23 * 24571 1 SSS 87 E -05 
• 25 59 3 486529 14 IE— 1 C 
. 35 E 9 C 644767795 E-CE 

0 . 


CCNTRCU PPASE CHANGE 


JULIA* CATE — - — 2444523 . 654 7 8006 

CATS FFCP LAUACH- 567 . £C fl C C 000 

days FRCK CUTCFF- 2 E . 49870000 


-CGKTRCL FPASE — 7 

PRESEAT S/C PASS- 1453.44 201936 KG 
FOWER A 0 AILAEL 8 -- 16.67987538 KM 


FRIAARY 3 CCV 5 E.S 

EPHEHER 1 S ECDT -- EACKE 
TARGET 60 CT — EACKE 


THRUST FPASE 
DURATICK 
— * IE 8451 

to.aoocoocQ 


TPFIST PHASE 
TFRCTUIAO 


1 .COOQGCOO 


THRUST PHASE THRUST PhASF 

CCAE ASGLR CLCCa ANGLE 

--- (OEG> (Of GA 

150.64000000 8 C . 00300300 


THRUST FHASE 
CC.NF RATE 
-- <fiEG/SFC> 
C.C 00 C 0 C 0 B 


THRUST FHASE 
CLOCK RATE 
t TEG/SEC 1 — 
D. 03 D 300 CC 


-S/S RELATIVE STATfS- 
SLA POSITION 

VFUOC 1 TV 


• 1419 Z 8 £ 254 E 350 E*C 5 
■.28 517 S 8420 EE 36 E*C£ 


. 568819154785192*08 
• 3 £ 25 55 831265 74 E* 0 l 


• 3 C 1426544734652*38 
, 12288 £ 24412309 t *01 


— • hac-mtuce 

»l 744 £fci 0971273 E*CE 

• 2517 c 3543 C 31 C 1 E*C 2 


EABIP FCS 5 TTCN 
VELOCITY 


-. 9 25360432786 54 E * 05 
». 152 T 1223 CS 844 Sr*C 2 


. 507618800480112*08 

-. 245881473150416*02 


> 301426544734656 *08 
> 122886244123095*01 


.S 5 C 3 £ 93 C 3 RCE 43 E*St 
. 312444127452876*02 


FCSjt TEN 
VELCCTTV 


-. 5 51905 283642532*07 
. 340153551 1222 (^E* Cl 


-. 5 11353 £ 3 0114732*0 7 
. 258915 S 4654756 E *01 


-. 2511187 l? 65473£*07 

. 142884721081062*01 


. 8246 i 6 t 6 £ 42555 E *07 
. 45 105 0641 71521 E*C 1 


S/C ACCELERAI 1 CNS 
PR I PART PCCT 
-PERTURFX 6 G -FOGIES— 
TpfUST 

RACXATICA PRESSURE 


-. 354685722551206-05 
— — • i 73304 E 3 E 84 . 863 E- 1 0 - 
-. 47 C 937581717 E 1 E-CE 

0 . 


-. 2421 X 47 - 3 S 759 B 2 E -05 
*-«lC 513 323940978 E“ 09 - 
-. 373667285848452-07 

0 . 


-.75328733 745636F- 06 
•“•591 09677491 7 19E-1 9- 
-. 1 1 2927 8 E4 1 7 752c-0 6 


u.i<iiMiiau<iu«uuiuii 


PACMTUCE 

.43t003X6555u21E-85 
— .121807 15103SS4E-I9- 
. 4 25 96 C 542 1054 36- 8 ( 
0 . 


■ . ........... ..i.ttiiii 


fe.EOVd OVNEKIO 



C5NTPCL PHASE CHANGE 


JULIAN C*7C — 2ft«,*.E33.cec,7t000 

gays frcn launch- Gyy.ceatGOoo 

DAYS FSCH CUTOFF- 16. 59870000 


CCMRCL F VASE — 8 

PRESENT S/C NASS- 1570.09572258- KG - 

FOWER AVAILABLE— 2a.G3123tC3 Kk 


PR I NARY 8C3Y — SIN 
EPHEHERIS eCGV— tNCKfc- 
TARGFT BODY — FNCKE 


-THRUST PHASE *HBUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE* 

DURATION THRCTTLtNC- CONE AAGi.E CLCCK ANGLE CCNE RATE CICCK RATE 

(DAYS V (DEG I (DEG) (CEG/SEC) (CEG/SFC) 

10,00-000000- • i.GCOOOOOG — 166.0GG00PEG 77.59000000 0.00000000 0,00000000- 


S/C RELATIVE STATES 

SUN PCSITIGH 

VELOCITY 

-EARTH PCSJTICN- 

VELOCITY 

•EH ONE HCSITICN 

VELOCITY 

••S/C ACCEIEPATTOHR- - 
prihaby acev 
PERTUR'INC FCCTFS 
-THRUST - - 

PACIATIOH PRESSURE 


• .1 1 E3F57537 3S72t* 1 5 
-.326732 5 5633626 £*C2 

-* .162 1555353 187CF»S«- 
— .16253I85552558E* C2 

- -.327965581351195*07 
.27Cb0873ieeca7E*Cl 


-.512727663708 62 E-C5 
.fcCSO t5?89lS358E-iO 
— »52vOb850803155E-6B- 
0, 


■•5897571 86 6 5575 t *08 
. 1639768005 5939E*01 

- .26H772C3527546E+08- 
-.251755 25 b I D3L8E+02 

*.E5738555 c 23824E*a7 
•225261858 2 91282*01 


-.3E595E557? G265E-05 
-.156805659623326-09 
-.2587326006 3079E-OR 

0. 


— .266286139S4429E+C8- 
-• 22«C9644b6l659SF*01 

266286109544296*08— 

-.22C96556S16590E-01 

— • 17 264C5S423141E*C7 - 
•129947535539356*01 


-.1C26709.835862F.-05 
-. A2S222u553827?E-09 
— .13840057195*712-06 
0. 


HAGMTL'CS 

— .15L676J5558E73E*0S - 
• 3276552 7h 258 922*02 

.5LC419821 136 352*08- 

.3H68EF5556C5EE«C2 

- ,57 £195239351 7f£*C-7 
.26 139£;862E0E£E«C1 

NAGMTIGc 

•ES57ll7EuE£38Ct-0E 
.208561 £023 53 262- C9 
. 5E586 9 £2310852 E-C-E- 


JCLTAH CATE — 241.4541. 65978005 
DAYS PPCH LAUACH- 587.00065100 
-CAYS PREH- CUTOFF— — — - - 5.55870000 • - 

THRUST PHASE THRUST FHASE 

— ...» OLRAT1CN - THRCTTLTHG 

(CAYS) 

213.CC3CS0CC G.1CCCC0CC 


S/C PElATTVE STATE' 
SUN PCSTTJCH 

- • velocity — 

EARTH FC'ITICN 1 

— —— VELOCITY- 

ENCPS FCSTtICN 
, - V6LCGITY - - 

* S/C ACCcLERATICNS 

— P« INAPT 6CGV ~ — 

PEPTUREING EOCTES 
THRUST 

PAGTATICAT-PFIEtSURE— 


.6£3Ce5275£58,9F* Cfl 
,370028iS c 745G4E*C2- 

* • 3 18924 26 31 C48 IE* 6 8 

■ — .18 22 395485 01 £76* C 2- 

■» 

-.12169357342672E*07 
- - .2C693SS59Z1776fc*Cl 


- -,5852752016.72 10E-Ci- 
.16C6213E2742E6E-C? 

2* 

-Or- — 


CCMRCL Pi ASE CHANGE 

CGNTRCL PHASE — 9 

PRESENT S/C HASS- 155 2 .5 1 1526 E8 
-POWER AVAILAELE— 21.00003CCC- 

I HR L‘S T PHASE THRUST PHASE 
- CCNE ANGLE ---CICCK ANGLE— 
(□EG) (DEG) 

c.ootcootc c.ooccoooc 


* 562296 C2S5SiGSE*G8 
2Le85720537012 E- Cl - 

•764027 £6 6 C 14 64 E* 07 
-. 265 7 05 03 126567 E^OS- 

-.112025 688211596*07 
.153258 036576256*01 


--.557635 12 6S7267E-0S- 
-.558822503598126-10 
0. 

-Or- 


THRUST FHASE 
--CCNE RATE 
(CEG/SEC) 

o.oeccoooc 


FkINAPY 80CY 
EFHEH.ERIS CCCY 
TARGET 80QY 

THRUST PHASE 

— CLOCK RATE 

t CEG/SEC) 
G.OOJGOOCC 


■- SLN 

— ENCKE 

— ENCKE • 


•26231752502251E+08 
- .35 C 6 8852 09 CO 202*01- 

.2£2317525S322lE*C8 
-.35068852 09G0cQE*-01- 

-.b692353S558736E*06 
• 11570715 578587E*0i 


-».158915Sh05S792S-35- 

-. 16399072 ? 0 -S 95 re-U 9 

0. 

- 0 . — 


HAGMTLCc 

. 1227l9 t c3s£tllE*09 
— , 2 72898 2 06527 656*02. . 

.516502CS772957E*C8 
— . 3.317 1?E150.2AE*C2- 

• 178433705387'b8t*C7 
- .31£8SCCSt»S3i-2i«51- 

HAGMTUCE 

7S2 531 75,3 »iKEE--C£- 
. 2215C628276C10E-C5 


© 

/*■*>. 

>«**1 S*t^ 

c** iw»4 

l 5Z5 

Q-*3 
fc* *3» 
£ P 

trd i&l 

Sm 


JULIAN CM' -- 266655C. 15367959 

•6»»S-frtK LAUNCH- 593.4.58 COGC 

oays ffch cutoff- o.ooKtoon 


CCNTRCL f HASE — 9 

PRESENT S/C PTSS- 1443.61152698 KG 

FOHES AWAILAEIE-- El.OCOOGOCO KH 


-S/C RELAYIwF eiAT-sc- 
sen FCSITICN 

VELOCITY 

EARTH FCSITICN 

vciccnr 


ENCKF 


FCSITICN 

VELOCITY 


S/C ACC6LEFAI JCNS 
PRIMARY 5CCV 
-eESTUaeiKC-act-IES — 
TFRUST 

RAOIAT1CN FRES'UPE 


PHI 


-X- 


.5376351277FC80E*C8 

-•35S613G360£?£6F*C2 


■.4218613S763023£*C8 
■•1851668096 735 8 £♦ 1 2 


■.5E69e36852S659E*C5 

.2C53S65166<!521F*C1 


■•52372587505530E-G5 
-^4*54668 0 54. 1S58&- 64- 


.SS5215<.9Gll5912Et08 

.678338256126656*01 

>815685553366 66 E*Q7 
>2?966335258635E*fl? 


-.52e6u2565ei765E*G5 

•107906628571066*01 


-.7E582EC7558313E-05 
— w4 58M M 1-015536F 

0. 

0. 


PRIMARY BODY — SIN 
EPhEmERIS 8CCY -- ENCKE 
TARGET EODY — ENCKE 


>0 9 8 39 3 7 7 0 8F ♦ C 8 
■•6370772 36 58335E *01 


• 260605639377C8E. * C8 
-.5370772365833SE+01 

-.2?E707C35315a5E*05 
v 113991 1133 6 359£* 0 1 


-.19769CC1679701E-C5 
.84269415375553 6=1.0— 

0. 

0. 


.1476F€073576F*C1 
,fc£n 1 /jf7i.^f 1 5F»r)0 
~,146835567322E*C0. 
•iE£65!293BC6E”C6 
• 255556 , *69652E-96 
-rfc3 555P2656V3c“i;7- 


•25RC13E7616BE*0C 
•.5736€6187801E*00 
-.5167865866106-01- 
. 221056958752E-OE 
• £75252181 3C6E-07 
-.56O065EO7E63E-O7- 


.1363E1357235E*0G 
• 105GCOC6Q66CE*C(! 
-*E817E7657901£*00 - 
.68Q449C22685E-07 
.69202576187SE-07 
'•125C55728538E *06 - 


.67835027S883E+C7 
•1272617728276*67 
-.382666073950E*06 
• l*«61fc3519223E*Gl 
.1G688052B139E*01 
-»292638?28063E*CQ - 


MGUTltf 


• 117 331 1651 1926E«C9 
.6C6511607676<.2E«C2 

.65250bC1655535E*CB 
•336216 576cfi£C5E*C2 

•82 53 52627571 7 5E*0S 
. 3?C7E57S92353£E*01 


8AGMTLVE 

>966017 26 01KC5E- 05 
. 152693422 377 336-09- 


0. 

C. 


•11E163352709E4Q7 
.5995260650696 +G7 
-.217 057 269637E* 06- 
.51 0513890 3085*00 
. 132 762533 067E*G1 
".25l028o85652€*00- 


.3EC992559778E«06 
. f 165256*565 5E *06 
-.5C-Y81 |7C5885E*97— 
.26 078552CGC CE*CC 
. 26595261956 6E *00 
-.5-2251-P7t635C6*-<i3- 


CP> 

vO 


-THETA — 


*,6765C6597CC1F*C7 
— .9563973976616*66- 
-.72685C?66195E*06 
-.1753E6£386 C 8E*C1 
*•.3 f *675 F65991C + 0 G - 
-•2<3S6f(11876E*CG 


.5227357357226*06 
. 535252555615E+06- 
». 5623355787666*07 
.650325977617E-31 
.5567355761726-01- 
■.85362«580387E*0G 


•226*6051 25 7CE*0€ - . 397 0 8 856G 217E+05 

*.57 17 075051506*06 .341(i550 26158E*C6- 

. 770 2 S8529528E+ ITS .136166097558F+C6 

.2196 6792 0666E+ GO - . 386 3135 715 51E- Cl 

-.5755 C666063£fc*-00 . 326 365 555 026E-C-2- 


■7621 £2 8(7012 E- 01 


.1327533C5S01E+00 


*****4**«*4'4* ******** *************** ******************** TER HIM TICK DATA **************************** + **************» + ************ 


RECtESTEC STOPPING CONDITION { TEND 
ACTUAL, ETPfPIKG CONDITION ? TFNO 


FLIGHT TIME 
FINAL S/C PASS 


.59369B7G'}aGQCCF*53 
. 15535U5265766E + 05 


A * -.S(66£36«589659E*t5 

— Y — .*30*C2«6581765E*J5- 

< — I Z * -.2767 u 70 25T15G5F • G5 

# * .625352627971756*05 


CCMC ELEMENT* 
S/C TAPGET CEM 


V> * .2C535551560921E*01 

-»»“* .18 750962 85 71G6F*01 

VZ • . ll3591 1133e355E*01 

V = .300789755235356*01 


EOT ■ 

8DR — **- 

VHP 

TSOI « 


•15 5621 355 35 6 FEE* 05 
•. 40 1909 7486 268 6** 04" 
. 300789 75923£36E*0l 
.59381761806575E*G3 


-.11 CS28F-C9 


.3866516*14 


run 

. 7176C 2E*C£ 


NCOF 

2302256*03 


FCA = .<.27137892583862*54 

VCA - .3 S 07 8575 92 35 35E* 51 — - 

1CA > .717431 694<.47*C£*G2 

TRCA = .593817418065756*03 


APS 

.6648 01E«02 


HA 

-. 745393£*15 


Tl 

«2725S2c*0i 


♦**♦***«»***«**♦«*»»***♦•♦*••• *«*«*«««»***«****r»t*t»***»t*****»Tt*T*»* »****»»»*♦»*»» »»»*tr*t**T ****** ************** ****** ********* 
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. _ _ *. . 

. 4 1 C 00 1 CQCCCUt-Bi 
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-.530i02S€5S17E«0£ 

*.27£7C703E31 , 5E«05 







- 

CPS I = 

0. 

C. 

0. 

9 . 
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0 •- 
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CUJ * 


c. 

0. 
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cuz * 

0. 

0. 

0. 

0« 

0. 
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- 
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C»CC X 

e. 

5. 

u. 

0. 







LCLC = 

.r’C«.32?«OCOCE4!)3 

•272£2CCC0CCCE*02 

.ie*o&caooc3PE-*03 

.7759CtC0C000t«02 







fcllEli «•- 

-.nC*229f»C56E+CJ 

-.27??30C£CeCCE+CJ- 

- .If SOGCO 0000064 03 — 

— .7 759000 000006402- 
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- 

♦ PI X 

5. 

0. 

’a. 

0. 
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•125432CG0 CC0E+C3 .272S3GCOOOCOE+D3 .1650 COO CCO OCE* 03 . 775900 0 000 Q0E*02 



DELTA U 


—.15*632 165645E* GO — . 7 (526249*25 2E-0 1 . 17CE 375 73396 E»0 t r5439981838S0E-Cl 

. 

— -******♦*****♦***************'**************************** TE (iHINATICA DATA *********************************** ****** ****** k* ******** z. 

PFCUFSTEC STOPPING CONDITION ? TEND 

— ACTUAL STOPPING CONDITIO. 1 TEND - — - . * 

— FLIGHT TINE - .963<.5o7CQ000CC-f**3 - - •- - . . — . _ . . , 

flFAL S/C NAS? .l<.<.3414eifc41C6F*C«. 


X 

■st 

-.<.*2eE93i730E3FF*n5 

V* = 

.20F1841864162CF*01 

eOT = 

•877282 66 36668 9F+03 

KCA sr 

,3268911039°7d2E*04 

V 

X. 

- • 42 512C08435726E* .5 

vv = 

.18642421C14647£*C1 

FOR = 

-.31 4899 26 19 127 7 E*C4 

VO A = 

.301620817360316*01 

2 

X 

-.220«621532917iE*05 — 

V 7 = 

«113S7G3?f527G2F*Cl 

VHP s» 

• .3016208l736030E*01 

ICA = 

.756l26577-6814£*02 

E 

*■ 

.t€2S5369U82C3E*‘'5 

V = 

.301620ei73e031E*01 

TSOI * 

• 59 3752631626 16 E* 0* 

TRCA = 

. 59375263162616 E*J 3 


' •*. _ * * 

— CONIC ELUENTS - — ■ — A g.. — INC --NCOE APS .. - NA -- - — ■ - TA •- 

S/C TABGET CENT —. 1055202-05 . 2 S 736 CE +14 . 756127 E+C 2 . 2287245*03 .c 70357 E »02 -. 60202 s £*15 . 27282 f £*33 


««*♦«•« A********* •••««*«*« »*♦»««*« «•«**«»* t«f 4« *•«*«««« ft* ««••««•« •««***»*****< tdlttMl t*«1*»*t*»**»*t *»***» MtttlimitMtJtUllt 


r~- 


— * *««#*•*«•*«*«*« *•***««««*•« •««« 

• ••••««•«•*•*•••*«••••*•*•• 1R1* L TRJJ. INTFG. NO. 2*. ***••*• 






.JJl'<.32tC:cece*C3 .2 72E3C0C0CC3E + I33 .165CCaa£000CE*03 .775<500aC0G0aE*C2 


OELTA 0 


— — -reSZEr’ijitfceaet+oF -, 85 *ie 78 f 6988e«oi .27199909T949 €-mms- 


v -I FRHI F* TICK-- OAT A— ***********+****** ********** it.i.ttitmiaimuu.itm 


RECI.ESTEC 5 TCP F TNG rC«DlTI0h ; TERC 
— ACTUAL STOPPING CONCITICN- ?-I€N0- 


fLIGNT TINE 
PIMl S/C NASS 


.S92fc9*7CGC00*CE*C3 • 
.lN«.T<.2«2'J868teE*0<. 


* * 
r * 
2 » 

*R = 


,i.*9SCC£Et<)9t=flP*C*i V7 

.<5321C52«5e3fc«*£«ai< VV 

.2Ce<-<*78/e47l«9c.*i)9 V2 

• S!?E113CF619fcSE*vlA V 


.20<i?35<9E2*i61?F*0J EOT = 

.i95792?93£‘t i tl9E'*-01 FOR = 

.li<.3<.7G3»2392jC*Ql — VHP *• 

.3055u9S7i0190EE*Bl TSOI - 


.1CE3999953F 229£«0«i *CA = 

.9C<.69?7S7t«953E»0< VCA = 

.3a5509973039Qi.e*0l- — ICA * 

.593‘»76S9e8Re0?E»03 TPCA = 


"J 

U5 


.lCE7B7&5lc91*.fE«DN 
.335?d99730I«C7EA01 
. ?2a3519l22€5cCE*S2- 
.59i4769988*«8J9E + 03 


-CONIC ETENFNT*-- 




S/C TARGET CENT -.1C7I3SE-39 


-• £ — 

• 9973 E2E+13 


- IRC 

,i 2AI52E*C2 


NCOE- — 

326641E+03 


APS 

.3<t8031E*03 


• - NA 

. 53465 Nt+IR 


TA- 


•7953t7E«0< 


o'S 

y$ S 
sS 

%% 

1 ® 

><$ 
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TRIAL TRAJ. IMtC . NO. 3*************** • *•*••••*•» 


•13C432 C00C0CE*03 .27253CCOOCCOE*0! .16S(00aC0000£«<K; .7759QOGOOOOOE*02 

OEl f A U " 

• -.7E7 225 i97152E*0S ~r34110*795258£*0C -.*265*73538706+01 — — .263lB5l77036E*OC 

**+**«*****.t4 ***************.****** ************ 4 ********* TERMINATION 041 A ************************ ************** 4* 4.4 *4.4.***.******.** I 

6FCUESTEC STCFfTNG CONDITION ? TFNC 

-ACTUAL ElOfCIfcC- CONDITION -I-TFNO — — ... — , 


FLIGHT TINE 
FINAL S/C N»SS 


.5614667090CQGGF*93 

.144 T ' t 2765e31E3E*04 


r * 

•241£7135234333E*04 

V> = 

.204932205854026*01 

EOT = 

.961909C4661S6GE+03 

RCA * 

.962011386202686*03 

r * 

.977 I176C711F 7 , ’ = *93 

vy = 

• 19*5161316 351 C£* 01 
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3.2.2 GODSEP 

The GODSEP sample case uses a targeted Encke flyby trajectory, 
generated by TOPSEP, and performs a short error analysis over the 
terminal mission phase near encounter. The run actually consists 
of two cases, the first to create an STM file containing appropriate 
state transition matrices and the second case performs the error 
analysis . 

The first page of output is a reproduction of the $TRAJ and 
$G0DSEP namelist used to create the STM file. Of particular interest 
in $TRAJ are the variables M0DE = 2 (for GODSEP) , ISTMF = 1 (for STM 
generation), and IAUGDC (for augmenting the basic spacecraft state 
vector with ephemeris body state and thrust bias parameters). The 
$G0DSEP namelist specifies only one scheduling card along with the 
STM time span from launch + 543 days through encounter at L + 593.5 
days. The scheduling card follows #G0DSEP and is a dummy measurement 

to create transition matrices at half day intervals. 

The next page contains MAPSEP initialization print. This is fol- 
lowed, on the next three and one-half pages, by the G0DSEP initializa- 
tion print and the standard TRAJ print blocks which are displayed during 
the creation of the STM file. STM generation ends with the output of 
the last STM record covering the next two and one-half pages. This 
contains trajectory related data such as current (TCURR) and previous 
(TPAST) STM time points, and finally thn transition matrix (PHI) over 
the interval TPAST to TCURR. 

Next, the namelists $TRAJ and $G0DSEP are shown for the subsequent 
error analysis using the previously generated STM file. With ISTMF — 2 in 
$TRAJ, reference trajectory data is obtained from the STM file. $G0DSEP 
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namelist for the second case specifies a spherical a-priori knowl- 
edge covariance, one guidance event executing at L 4- 567 days with 
a half day delay time, and no measurement print. The total aug- 
mented state consists of 15 solve-for parameters (S/C state, thrust 
biasecS and Encke's state) and nine consider parameters (tracking 
station location biases) . 

Four scheduling cards specify (1) simultaneous 2-way/3-way 
doppler measurements twice per day from Goldstone and Madrid, (2) 

2-way range once per day from Madrid, (3) 3-way range once per 
day from Goldstone and Madrid, and (4) three simultaneous star- 
Encke angle measurements taken twice per day. 

Output from the error analysis run begins with MAPSEP initial- 
ization print followed by four pages of GODSEP initialization 
print, including the input a-priori covariance. 

The first event printed is a low thrust guidance correction. 

This begins with generation of required transition and sensitivity 
matrices, as represented by TRAJ print at 566.5 days (last effective 
time of tracking to be used for guidance computations), 567 days 
(beginning of guidance interval over which thrust control corrections 
will be computed), 587 days (end of guidance interval and time of 
nominal thrust shutdown), and 593.5 days (desired target time and 
time of nominal Encke encounter). After the TRAJ print, the 
sensitivity matrix of guidance cutoff state with respect to thrust 
control parameters is shown. 

The knowledge (estimation error) covariance is printed at guidance 
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initiation. Since the Encke ephemeris is part of the augmented 
state, the Encke relative S/C knowledge covariance is also displayed. 
After the knowledge covariance, the control (actual error) covariance 
is shown in analgous fashion. 

After the knowledge and control covariances, VMAT and SMAT 
are printed. These are sensitivity matrices of target parameters 
WRT guidance initiation state and target parameters WRT thrust con- 
trol parameters, respectively. VMAT, SMAT and BURNP (S/C mass and 
thrust acceleration magnitude at guidance start and end) are also 
provided on punched cards to be used in subsequent GODSEP runs in 
order to minimize computational time (See $GEVENT in Section 2.3.3). 

Guidance corrections are computed next. The reader is referred 
to Section 6.6 of the Analytic Manual to better understand the actual 
guidance computation logic. The guidance cycle uses the various 
sensitivity matrices, thrust control constraints, and control and 
target weighting in ultimately computing a "final" set of control 
corrections. Included is the additional propellant needed to execute 
these corrections, in this case .8677 Kg. The GAMMA matrix is the 
final guidance matrix of control corrections WRT guidance initiation 
state error. 

Finally, the guidance event ends with a display of the new 
control covariance, which assumes all guidance corrections have 
occurred, and the projected target dispersions before and after guid- 
ance initiation. 

'■ The next event printed is a "thrust" event which is the same as 

. an "eigenvector" event at the time of a nominal change in thrust 
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control policy or a change in the number of operating thrusters. 

In this case, both control policy and number of thrusters have 
been changed. The information printed is a standard TRAJ print 
followed by eigenvalues, eigenvectors and covariances of the helio- 
centric state and of the S/C relative state (WRT Encke). 

A measurement event is printed for a star-planet angle 
observation with three stars. The TRAJ print is followed by 
the knowledge covariance before measurement processing. Navigation 
related matrices are output which include the observation matrix 
of augmented state WRT the measurement (three star-planet angles 
taken simultaneously) and the filter gain matrix. The knowledge 
covariance is then printed after the measurement (s) have been 
processed. 

The final event shown is a "zero burn" guidance event. This 
occurs automatically (if a previous guidance event has been executed) 
at termination time (TFINAL = 570 days in $G0DSEP) to display the 
final knowledge and control covariances. 

For this GODSEP run, the contents of the SUMARY file are 
printed. Results of every measurement (before and after processing) 
are displayed and include measurement time and code, RSS S/C 
position and velocity, and the standard deviations of the knowl- 
edge covariances for both S/C state and augmented solve-for para- 
meters. 

The user should read pages 31-34 on output control for a better 
understanding of GODSEP flexibility in terms of printout. 



PSTRaj 

ENGINE • 21 .6S. 0.65. 21.65. , _ . ._ 

ENGINE (lit - 0.64* 

NB * 3. 10. 

NTP * 10. 

TENCH ■ 2443956.65478. 

thrust « 

9.» 64.* 8*0. * 

1«. 140.. l.r 68.1. 224.6* 5*0.. . 

l.» 230.. 1.* 75.* 252.* 5*0., 

1.. 470.. 1. * 85.33.* 269.. 5*0# . . _ _ . 

1.. 525.. 1*. 120.501* 268.742. 5*0.. 

1.. 567.. 1.355* 129.6743* 272.2092* 2*0.* 6*. 2*0.. 

_ 1*. 577.. 1*. 150.64. 80.* 2*0.. 7.. 2*0»t 

1.. 567.* 1.. 156.8814. 78.0227. 2*0.. 7.. 2*0., 

9., 800., 8*0. • 

. IAUG0C*3*1, 

ieooso * o. 

TSTART « 543., 

TEND * 593.5* .... 

NLP = 0. 

1ST0P * 1. 

NODE * 2. . _ 

IPHIN7*5* 

SCMASS » 1551.3588* 

STATE * 1.94H38095S494E8, 8.4084653S668802E7, '3.1421540206B4867E7. . 

-22.4042728712537, 8.18889592239259, -.0143403342760131* 

ISTHF - 1, 

_ S ENO trav encke FLYBY approach PHASE : 


it 



SGOOSEP 

NSCHEO-1. 

TCURR*543., TFINAL-S93.5, 

SEND GOO SEP , 

553. 593.5 .5 1001 




GODSEP Sample Case 



! 


iTnnnwv 


TRAJECTORY INITIALIZATION 


Initial epcch (reference oatei 

JLLtAh DATE .... 2443956.6547800004 

“—““CALENCAR C 5 Tr- 77 .~~I 579 MAR"' " 24 T“ 
TPAJECTCRY STAFT EPCCP 543.0300000000 

JLLTAN DATE .... 2444499 . 654 7630 yl 4 

CAlO.CAR DATE .... I 960 SEP 17 

TPAJECTCRY END EPOCH 593 . 500 0 0 OOu 00 C 

JU.IAN DATE .... 2444550 . 1547*00004 

calendar D/iTrTr.—~i 5 sa NOV ' * 6 


~I 579 ' MAR " 24 T THR '42 MIN 52:9520 SECS - 

543.0300000000 CAVS AFTER THt INITIAL EPOCH 
24 44459. 6547£3flw04 

1590 SEP 17 3 HR 42 MIN 52.5520 SECS - 

593 . 50000 COyOO CAYS AFTER THE INITIAL EPOCH 
2444550.1547800004 

"1580 NOV ' *6 “15 HR '42 MIN 52 . 9920 “ SECST - 


INITIAL STATE VECTOR AT 


FC 5 ITICN 

VELOCITY 

SEFS MASS ' “V — - 
EXHAuST VELOCITY 
ELECTRIC PCkE° AT 1 A. U. 

' ThRUSTck EFFICIENT 


T SAJ^O^OOOOOO OAYS AFTER THE REFEREN CE E POCH 

. 154038 05554 54 0 E *0 5 . 84 J 846535668 B 0 E +08 

-.i 24 C 427 £ 671254 E »02 . 81 d« 855922 o 926 E *01 

1551. 3538 0 00 00 d“KG 
29.4163304000 AH/SEC 
21.6500003000 KW 
_ .C 40000000 C ‘ 


. 3142154 C 2 G 6849 E+Q 8 
’• 14344 234 2 76914 E - 0 1 


ItAGNITL’DE 

• 21452138 735275 c *06 
• 733539234 7 1 uWE* 0 * 


RACIATI CN fcES'LRE LOEFFICIENT 

CT 5 T CF CRAVrmrNC BODIES' 
SLN 
EAPTh 

*T", ' ENCKF 

* TARGET PLANET ts E»!CKE 

“INTEGRA TIO N~$TFP FACTOR - “~ 


-l.qoooccoooo 


REFERENCE THRUST CONTROLS 

— THJTLSI — THFUST PHASE THRUST PHASE" 


PHASE 

NUPEEP 

j-y 


EHu TIME 
(DAY) 

'64 . C 3 CO 5C* 
14 2. 0 33 CO : 
230.030030 
*470.030000 
525. CO 000 2 
5 o 7 . 0 y 0020 ' 
'•577.3::c:r 
587.0004)0 
BCO.OOOOjC 


"THRUST PHASE - " THRUST FPI SE THRUST PHASE THRUST PHASE 


THROTTLING 

“ 0 ..000000* 

1.302034 
1.300900 
" 1.3L3CC0 
1.000003 
1.395 300 
1.000000 
l.uflOOOJ 
C. 000 303 


CCNE ANGLE 
CLEG) 

— c . c o o o ;o~ 

68 . 10 03 C 0 
75.030000 
65.334000 
120 . 501 y 00 
129.674300 
1 * 4.640000 ‘ 
1 * 6.861400 
0.003000 


CLOCK ANILE 
(DEG) 

4.000000“ 

224.60CG0Q 
252.00QC0D 
■ 265.0 30000 ' 
268. 742yQ0 
272.205700 
BO.OuOyOO 
78.022700 
O.OOCCOO 


CONE RATE 
(UEG/SEC) 

0.004003“ 

o. coaoou 

0.003000 
“ ■ O.OOCCOO ' 

o.coocco 

0 .0.3043 

0. 0000 03“ 
0.000000 
0.000000 


CLOCK kATE 
(OEG/SEC) 
0 . 00 ui 05 “ 
0.030303 
0.000034 
L.OoOOCO 
C.OCuOCy 
O.OOOC 44 

- 0 VO 00 200 * 

0.000000 

0.000403 


“NUN PER - 

OF 

IHKUSTERS 

0.030000“ 

O.OJ3QOO 
0.0C34CJ 
C . 0 0 4 y G 0 
O.OyyyCO 
6.003003 

zrao'omr 

7.000000 

O.OQOyflO 


BOOT PAR AME IE°S AND ORBITAL ELEMENTS HAVE EtEN PEAC-IN FOR ENCKE AT JULIAN DATE... 
PLANET PACtUS . 5 CC 30 COCutaCc *03 KM 

PLANET SPHERE “ ' “. 10 OOiOTOO jtrOF* 0 ‘ 4 '“KH 

plan*"! gravitational constant .itOCooococaoE-08.KM»*j/SEC»*2 


. 2444580.004000040000 


SEMI-MAJOR AXIS 
— ECCENTRICITY “ 

INCLINATION 
ASCENCTNG NODE 

CKFGA -1 

MEAN ANOMALY 


. 33 l 80 al 26704£*05 Km 
“;B 4 ' 70 C 501 ! 00 C 3 E*a 0 " - 

. 1195100000000*02 OCG 
. 334203 CCOOOuE*C! OEG 


KM/JC 

l.O/JC 

OEG/JC 

OEG/JC 

“DtG/JC“ 

OEG/JC 



RUN DATE 08/33/7*. 


SCHEDULED TRAJECTORY TINE 543.0COC CAYS 

TTH 'FILE TRAJECTORY-TIME 5V3. O'KrC TTAYS- 


NEASUKEHFT.'T’iT.'O'PSSPASATICK EVENT SCHEDULE - 


FFCH 553. jETCG DAYS 'T0r~5S3.536'50 _ aArS _ INTKCREHENTS - Ol r 


T5TJOW‘CAYS~"*~CaOETTiO; — 10 ffl - 


a EIGENVEC TOR EVENTS' " 


3 THRUST EVENTS 

EVENT'TTNE IOAYSJ' 
567. OJO 

“ — . — 577. OCO — 

547.038 


SUlOAhCE EVENTS 


_ 0 PREDICTION EVENTS 

CL 9 RENT KliN SEGMENT CREATES STM FILE 


"JULIAN CATE ~'* _ --“7V4«59V65478C30 
DAYS FROM LAUNCH- 54 3. CCu C 130 0 
CAYS FAlK CUTCFF- 56. 50-. COCO 


TONTRCC" FHASE -- E 

PRESENT S/C MASS- 1551. -5880800 
FOHER AVAILABLE" 11.75187839 


“PRIMARY BOCY “SCN 

EPHEMERIS BCOY — CNCKE 
TARGET SOOY — cNCKE 


S/C RELATIVE STATES 
sun pcsrricN 
“ VELOCITY 

EARTH FCSITTCN 

— — vfi. 0C m 

ENCKE POSITION 
“ • VELCCTTY 

S/C ACCElffiATICNS 

• PRIMARY - ECCY 

PERTURBING BOClES 
THRUST 


• 1S4 8 38 3 55549*. uE*JI9 
■VZ24G4272871254E*3Z 

.4521133498C722t*0B 

r .Z 481835 H 5 S 9 *t 9 EF'iI 2 r ' 

1356C 1R0 25 34 32c* 68 

".A-.l583E675:0fl6f*cr 


i .'<€T973TEE2E572t^t 5“ 
J 0396 5 J 316444 1L- 10 
-»12137785bl C634E-36 


.a4«a4t535fc68O0E*0S 
.81888S592i3926E*Cl" 

.48721 C 832 £9414E*uS 
7~ =02 1349793 1 4854 OF+Tnr 

••1237375c 6(7 83 52 *06 
• 4 Cl 14 29381621 3E+BI - 


~-.T13D35S98fcC4T3r-TJ5- 
-. 2584252643 S659E-10 
-.4263710111 7255E-06 


.3142154320(6492*68 

ir ;i4340334Z76914E-31“ 

. 3142154023 (64 vE* 08 


•613395682111226*07 
71 E60 1656 594336r*13T~ 


*. 6778497673 8 7QIE-11 
-.548715546598916-37 


MAGNITUDE 

•214521 067 3527 SE*8 9 
i‘£385I92347IC-7E*C2~ 

. 1133364 1127 J97E*C5 


. 19447 /-54 41 11 IS* 38 
7F«2323m779CT*0I~ 

MAGMTUCE 

72 18 3 83(49 3.HT E -W 
.4085331722.3546-40 
•44cbl27903l5S5E-36 




*****>,. 

I - 




JULIAN CAT*. — 2444499.65476000 
OATS FFCH LaUN^H- 543. GO C C 0 0 00 

OATS FFCM CUICFF- 50.500.001)0 


CONIRCL PHASE — b 

PRESENT S/C HASS- 1551.35880020 KG 

FUMED AVAILABLE-- 11. 75187839 KM 


PRIHARY BCDY -- SUN 
EPHlNERIS ECCY — FNCKE 
TARGET BODY -- LNCKL 


_ s/c relative states - 


SUN 


PC'IIICN 

VELOCITY 


.19‘«8Jo , :9U51.SvOL*Cy 
-. 2.4042/287 1254 E* 02 


.84.B4f535':6Bout*48 

.ai8885542.:39.6E*0l 


.31421540. 0t849l*u3 
1434 0 334276 914E-!;1 


HSoMTUlt 

•2IA521ciT3S27SE«0S 

.228539E4-.71.'v7t*S2 


EARTH 


ENCKF 


PC3ITICM 
Vf LOCI TY 


PCSIT JCN 
VELOCITY 


•45.11234980722 C*C8 
-.24 81 83 91199949 E* 02 

“•1396 0 16 0 26 3432C* 08 
.44l382€675Q00bL*ijl 


S/C ACCELERATIONS 
POIRAPY OCOY 
FERTUSlING BGETES" 
Tn»UST 

PAoJATICN PR.S£U=E 


-. 2 cl 923 ie 626572 t-C 5 

“.30398533I6899ir-ni" 

-.1210/789018634.-06 

C. 


.9672lC832294i4c*G6 

.2iJ49?9314854Ct*u2 

.12.707526176052*08 
■40114293 8.6 21 3c*01 


-. 11J03E998. : 0433E-0S 
2Eo42526935859E-li T 
-••*26371013 it 7255E-u6 
C. 


•31421590 20 €899£*o8 
-•1439033427E914E-.1 

-.6l339568211122E*07 
• ifcfc 3 1636594 336E* Cl 


42240 349746370E- 06 
“-. 8778457870 873 1E-Ii : 
-.6 487 15546568915-. 7 

0. ■ 


• 113 53 c4 lit/ 357. *05 
•32?378-377.E75c*:2_ 

.194477394511116*08 

• 61525l3114j7'»ol*01 

HAGMtLC. 

•2683S3t4S24B41E-a5 
. 40 fv 3017220 2546- 13 

• 4-*c6l2 793 3l559c-Ce 


JULIAN CATE — 2444514.41978499 
JAYS FRCH LAUNCH- 557.765.3499 
CAYS FECK CLTCrF- ' ' 35.73495501 


CONTCCL FHASt -- 6 

PRESENT S/C HASS- 1518. 16c93029 KG 

FOMES AVAILABLY'-- 14.37392785 KM 


PRIHARY BOUY -- SLN 
EPHEMERIS 0COY — ENCKE 
TARGET BODY -- ENCnL 


S/C RELATIVE STATES 
POSIT KN 
VELOCITY 


CUN 

Earth 

.■ENCKE 


pcsrricu 

VELOCITY 

PC3ITICN' 

VEvOCIIY 


.163929 7783 B027E+C5 
-. 8c1A4348191966l*j2 

•15S85451537131E*C8 
-.21. 9955067/ 1J5L*J2 

•.375417291785532*07 

.376297€3822206E*01 


.524844409/, 0458E*C8 
•575985456. 6665E+.1 

.69972791D25579E*C8 

-.235bJ2o2061286E*02 


'-. 744245595* 745SE*uT ' 
. 3. .7923181 8838E*0i 


" .3C97C57435166ir*2o 
-•7320o91J49Q9.7F*.Q 

.329705748516616*08 

-.73208S10490927t*00 

'-•4C89419o416719E*47 

.154021647158366*41 


HAuMTUCE 

.15102425282:256*. 9 
. 1cc243734142c1E*C2 

.76 1722626728/95*28 
.31u3SiCo4454.‘8£*a2 

.121962561c .762£*C5 
.Si75:95tC54:2SL*31 


OO 

Cn 


3/C ACCELERATIONS 
PFJHAH/ r COY 
PE'-IUHEIf C gCCIrS 
THP'J'JT 

RADIATION PRESSURE 


212406882057276-05 

-.212876600411515-10 

-.914395635117486-07 


-.1772240721 47b9.-v5 
-..510830308: 3bb2E-10 
-.545643542102 97 E- 06 
0. 


-.585650787./ 636E-. o 
-.26160 0783299078-10 
-.741 1359444 8504E- 07 

0. 


H.ICNITLCE 

« 3t 26925 3 vo lc 21c -55 
.7 **i132 7u56 7-1?l- 11 
.553 1555031: iSoE-OE 


JLLIA‘1 CAT? — 2444523. 65478000 
b AYS FFCH LAUNCH- 56/. CC 3 . COO C 
SAY 5 FROM CUTCFF- 26.5046.000 


CONTROL. PHASE CHANGE 


CONTROL FHASt -- 7 

PRESENT S/C HASS- 1493 . 4-, 52 1a 17 
POWER AVAILABLE-- 16.o7711523 


KG 

KM 


PRIHARY "3CCY 
lF!I6H_R1S ECOY 
TARGET BOGY 


— SLN! 

— ENCKE 

— ENCKE 


thrust phase 
DURATION 
(DAYS) 

10 ... 04 00 C J 


THRUST PHASE 
THROTTLING 

1.00050000 


THFUST FHASE 
CCNt ANGLE 
TGEG) 

15C.64C.0OC0 


Thrust phase 
CLOCK ANGLE 
(UcG) 

80.04000000 


THRUST PHASc 

• CONt rate 
(CEG/SEC) 
C.OOEGOQOO 


THRUST PHASc 
CLOCK RATE 
(CEG/SEC1 
O.OOOOOOCO 


s/c kelatt/e states 

SLN PCCtriCN 

— VELOCITY 


earth 


encke 


POSIT t CN 
VELOCITY:' 

FCSITTCN 

VELOCITY 


.I419557iJ2314CF*05 
-.28 8966CHL7 2674C* 02 ' 

-.65462275323*68E*C5 
- 41520 99415244B8E* 02' 

-.585198006842056*47 
.3422921 14 51836 E* 01“ 


. 56870267oE2273L*.8 
• 3E23884B1C 9232E *01' 

. 50/50232 /£17b4E* 08 
. 24593818820776E*02 ' 

.512517809739356*07 
. 2 5835 23963741 4E+CV 


• 201576512 j 2?97E *06 
-.1329b2827744‘.5E*Gl 

. 3015765 1202297£*0 8 
•. 13296282774 445E* 01' 

-.289623044771536*07 
“.1448081 37-,597CE'*'0T' 


MAGMTCCE 

• 17 4 484 252322 52 1 *09 
"•251540cZ67j357E*C2 

. 59C3<*51al7l2l2£*C8 
. 31 235 3L75 782 33E* Cc 

•82 £8 12742571242 *07 
“n.5E635E90T4EEOr*tI“ 


S/C ACCELERATICNS 
PPTNAPY 30TY 
PEDtuRelNC- 9CCTES 
THRUST 

•rao n nr»r«¥rsTJsr 


- . 35 464 F. 73 19 08 31 C- 15 
-.17 06 25253760 56E- 10 
-.**70657 46 41 95 81 £-06 

IT. ‘ 


-.242QU1L9U7Z8E-05 
*. 1 0512256725169E-09 
“.37287S01369504c“u7 


“DT 


-. 753426.4 /S2462E“06 
-. 59146257081 0b9c-l0 
“. 11393693149683E-C6 

-j- — 


hAGMlL.E 

■*'. 42591 253:7S:64t-CS“ 
. 12184315.949286-. 9 
.485879371 373 72E-06 

“0~ 




ORIGINAL PAGE IS 
m POOR QUALITY , 


JULIXh CAT. — 2444525. 95-.14107 
DAYS FFCF LAUNCH- 569. 3393F1 08 

o*ys Fk.cn cutoff- 2 <..i 6 v 6 ab 92 


3/C RELATIVE SI* TFS" 
3th FC'IIlr.M 
VELCCI TV 


E*»TM 


encke 


POSITION 

VELOCITY 

PCSIUCN 

VELOCITY 


S/C AC 4 EIF RAT ICNS 
PFIhL-Y l-CCY 

PfRTCREINC- SCCIE3 
Tr»uST 

paoiattcn f«escupe 


•l2eJ32.t J26a/«t* .9 
•.297231463228S7E.C2 

-. 29 159 8 1527 5617 fc. 07 
-.18o9S2'ia2495o7F*32 

-. 5 d 6432822 e 7 ?Sc*c 7 

.32cl5Z19l297BS£>:i 


.L72C389io A341E-25 
-.726895967555157-11 
-. 4 9. 797 3314 1166 E- 06 

C . 


control phase -- 7 

FRESENT S/U HASS- It 88. 35719953 
FOWE»i AVA1LAELE-- 17.37079368 


.97s52£9ul2ES36c*u8 

.3H07E77227769E.01 


KG 

KH 


PR I NARY UOOY — SLh 
SPHcHERtS SCOT -- ENCKE 
TARGET BOOT — EMCKE 


.25874754 U48977£*C8 
-. 151184 o 9 o 54003 r«Jl 


.4*76fcS17Sa('.6Y6E*4« 

-•2471a067tf649nBE*v2 

-.4EC791 29321 4186*07 
.25J428E272v525E*Vl 


->2t 33 2563611017 E- 05 
-• 116552 365552516-09 
-. 5.23263492E934E-1.7 
0 . 


.29371375-, 0489771- *08 
<1 51084 J93540C3E*ul 

,2fcCb5546o92688E*.7 

,141767i:45885cuEi51 


-•oC6323olu-,284b£-36 
- . 7 i 27 2-, 8555 £8236- 1 u 
-. 124 3 12337653932-06 

3. 


HAGMTUCt 

. 17 wC3S-.a97r288E.C5 
,25523c519C7c.5i.*C2 


.5479235<o5257.E* C8 
•iil52C2oo27€9ot*0t 

.7422252535761 6 £ *07 
.43669U738:i£cfc«Cl 

HAGMTU't 

. 45 6959 58 Ci .6 7 7;- 15 
. 1355c9 cCC4oC3SE-CS 
.50 7ai5-.33727.7E-:6 
3. 


•••• ccntrgl phase change »*•* 

JCLIAN CATE — 2444523. 6 54 7E03C CONTROL FhASE -- 8 PRIMARY QOUY -- SON 

'DAYS FTCK'CAUJ-CH-- *' 577.33St.0v!) * ~ FPESEf-T S/C HASS- 1473.13 300 756 KG ’ EPH.HERIS ECCY — "ENCKE ' 

CAYS FROM CUTCFF- 1 1 . 50 C 3 C 3 C FOHtF AV A ILA6LE — 23.u2a97695 KH TARutT BOiSY -- ENCnE 

* THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST FHASE THRUST PHASE 

DURATION THROTTLING CCNt ANGLE CLOCK ANGLE CONE RATE CLOCK RATE 

IUAYSI (ilEol (Ofc&J ICLG/SLO TCEG/SEO 

— 15*901 C00 CO ’ 1.080 30 330 — “156.83140300 78.02270000 O.OOOCOOOJ ' O.flOOCOOOO 

S/C RELATIVE STATES X Y z HAGMTU-6 

CUN PCCIT ICN .1154055358675 8£+;5 , . 58559 7 55 8 454 3 1 E* G8 . 26 £514 7792. l.pE*. 8 . 15 4 7?jcii Etdct »C5 

» V EtGC 1 T 7 -. Ja65 1 34 50 32 77a £♦ .2 . 102661 761 73a/8L*Cl -.423053 d55080d2E.C1 . 32 1 4 1 75583 j5< Cl«C2 

FAFTrf FCCITJCN 16 :6S?/oSe401C C* C6 ' ~ . 2 5261 2 4 G65 7 272E» 0 6 .26651477920106-1*03 .44029-,ll.'3445f!; *tf 

VELOCITY -.16221 4 3445 16966*82 -. 251795 1598o374c* .2 -.ti3.5dti50dG6Zt.ai . 31153 2 .7o5ca 71- *02 

cN. CKK PCCIT10IT -.3223917666. 5146.57 -.2589ee23935566t*v7 -. 1703542976o371E*07 * ‘ . 472Z24C51631u2E*07 — 

VELOCITY . 2728 336917 6535 E* 31 . 234852d0 S6H867E* V 1 . 12 085334 d524o-,E*01 . 38ZG147»4»2866E ♦ C 1 

'S/C AGteLf FAI ICSS ; " ' X ' V - Z ' NAGMTOCE 

PRIHAOJ ECCY -.4136368.11 41376- C 5 -. j 54'/G4 2e5C6568£-06 1026962412E149E-C5 .55450381-452,96-05 

PERTUREI’-O atefsS • 1 0 3 5 7 7 5 4 71 7 5 7 3 £ - 1 0 -. 14t-84 7E760 5 )JC£-C9 - . 1 254-,60C917C59t.- .9 .2 *cb 9337 »up 440 i -.5 

Trra.T -.5 4aC523Giii285E-C6 -. 17305157595 J75e-Cn 1464l525o32236r-05 ' .SE17X. rCt.-El f L-. 6 

RADIATION pPfCCJRE 0, 0. 3. 3. 

JULIAN CATE — 2444535.6076 6515 ’ CONTROL FHASE -* 8 PRIMARY BOUT — SL-S - ■ 

OATS EFCh LAUNCH- 5/a. 95.11. 5l5 FRtSENT S/C HASS- 4.465.00829200 KG EPhEHERIS SCOT -- tNCKE 

CAYS F«Cn CUTCF F- 14 .54665485 FCWER AVAILABLE-- 2J.80 d45CaO KH TARGET BODY -- ENCKE 

3/C PELATI.c STATES X ’ Y .2 HASMTLCE 

SVt PC-iTTt‘( . 10 s8222686l993C.CS . 59Cou 053. 5S844E.0 8 . 2B2o 30 20.9 5799E* 38 . 13 .59. 793 -. 7?4?t.u9 

*' VELOCITY -.034544206E66F6F* 02 * ’. 3814 965306 3 193E* 00 -.24.550 78 09 8 9520*01- . 32S4Z9E 15 54I67E. tZ " 

EAPTH PC'ITJCN -.15237 03728151^4*4 8 . 24 5984 0558 1 iZ2E» 0 8 .2e26aBA0095799E*08 .422530 725S8534E*08 

** - "VElCCITV “ - . la 1355767568 2 l£* D2 -7253454 792-2 .TSE*^ 240560 7809d952r*l I C"312oi5ic6677olE*Ti2 — 

tNCKE PCSITICN - . 27 £4 8485 0 125 42 f* 0 7 -. 25689s002.97b6E*L7 -. 148532i9127159E»07 . 438813-45 7113.4.57. 

VEtCCITY .255437704824344*01"' * ' *" " . 2284 .585 091 .83c* 01 .1277o316l6u602E*'0'I '."3669112-3597110*01 — 

S/C * CC EL £ B » T 1 CNS X Y Z HAGMTUCE 

PPlHA-r t-CCY - ‘ -.'.2C78773537683L-CS -. 3810067879200 1 E- 0 5 10S82487v9u626E-05 .585l83307fcOZ2cE-lir * 

PERTUkEIHG GCCIES .863703227657256-10 141841227034. 5t-09 -• 15. 110/4339716C-09 • 22-857. 0050.08t-09 

THPOSr - .5t«.45538 37 2447L-Q6 -. *91 Jil87598/17£-06 -.15 o118194a 87l8t-06 . bl79619923447lt-0fc 

FACIATKH FOCSSUPE “ 0.— * 01' - 3. ’“"."V" 




CO 

O' 




ccnipcl Phase change 


JULIAN CATE — 2000503. 6507EOGG 
DAYS FPCH LAUACH- 50 7 . „63 GOG .0 

KAYS FRCH CUICPF- b.bOCGOOOO 

THRUST PhASE THRUS! PHASE 
DURATION IHROTTlIAG 

C0AYS) 

21J.C03003bC O.OCOOOOfiO 


CONTROL PHASE — 
PRESENT S/C HASS- 
POWER AVAllAElf-- 

ThfiUST PHASE 
CCNE ANGLE 
<UEG> 

o .occccoco 


1003. O2103355 

21. 00000000 

THRUST PHASE 
CLOCK ANGLE 
(OEG) 

0 . 0 JC 0 QG 83 


THRUST phase 
LONF KATE 

iueg/seci 

0. OOCOOviOO 


PR CHARY BODY — SIN 

FPHCHCH IS UCOY — ENCKt 
TARGET BODY __ — ENCKE 

THRUST PHASE 
CLOCK SATE 
(QEu/SECk 
C.030300C3 


■ S/C RELATIVE STATES' 
SUN PCSITJCN 
VELOCITY 


.662S52?8fc2maE*C8 

-•37310352d9j670E*u2 


.5E t 0162t«‘8953E*G8 

-.2S999262269O13E*01 


.2E25a0/86B2908£»C8 
303 696w59t>3 8252+3 1 


“HAGMTUSt 

.13*7€721e5GHIE«GS 
. 3728/7«.o67o56GE + 02 


PCSITICN 

VELOCITY 


*.3CB3S685l03612t.+ 3a 
-•182310185&6213E+C2 


.7C9211Z7U930ZE+07 

*.260J17663132j7c+V2 


. 2625 ao 7 a 6629 oaL +08 
*. 30C696u5963S25t.+b 1 


.<.lA6aS:S06!51ES»Ce 
. 32 to 3 ? c 095 Cd -< 3 £ + Q 2 


FCJIMCN 

velocity 


-.iieoi60567 39852+07 
.20d23o6d76J71/<:+01 


-.11080S..62*331QE + C7 
.2C0122V18i522dE+ol 


- • o0209B G75fi599DE+C6 
.ilOo995173o6d2t+Oi 


.17311272oG 165E2+37 
.31075127^6. 9c3E*0i 


S/C ACCELERATIONS 
PRIHARY ECCY 
PEPTUReiKG SCTTES ' 
THRUST 

RAOIATICH pRtSiUPF 

' TCURK 

I FAS I 


•• 0800097635 3861 E* 05 
• I635993I570059E-C9 

t . 


593.5330" 

59a.3GuG 

0 


ACPI 

NTPHA9 

APERT 

• 1295l375F-i«9 
.I7951370E-Q9 
.16827000E-1O 
0 . 


.1O73/696E-10 
. I0737691E-AG 
.06£6C2bOE-17 
0 . 


-.S57102202S3659E-CS 
-.533J65706i 3721E-10 


-.8 1533730E-1Q 
- . 815 33 73 EE* 10 
.1656355 JE-17 
0 . 


■.19a900d9766889o-Q5 
-. 1LO 35B5287o 1222-39 


MAGNITUDE 

. 7 Eiaa / s 6 se / eosi -;5 

- .22165815735CSEE-C9 

e . 

G . 


APRJH 

PASS 

RPACC 

TPFACC 

UP 


•• 6 23 1*76 IE* C 5 
. 10030210F *00 
0 . 

0. 


0. 

0 . • 
c. 

■ c. 

0. 

•. 783823 J 1 E -05 


. 1CS92526E + G9 
• £37 »55B0F +C 2 


0. 

. 1 037212 3E+ 09 
"" . 35 570816E+G8 
0. 

0. 


*. 19750 77 3£-0> 


. 20 Od d3 JEE* C8 
C. 

0 . 

0 / _ 

a. 

*G. 

c. 

0. 

0. 


*.< U 27307 E +:2 
*. 01895036E *02 
8. 


.211 7S078E»32 
* . 866 83598 E * 31 


8. 

8 . ' 4 “ 

- .551090 5 3E + 31 
3. 







ETOUE 

i6378o393E*08 

.95572631c<--3 

• 24C8726QE*CS* 

VfRUE 

•• 3584/26 4£*oc 

- . 1 716 J725E* C 1 

-.437.675CEU1 

UPUEK 

. 1174 J206fc*09 



VTPUcH 

•43fe4*952e*02 

"* 

" " “ 

fcFCMEP 

. 21JOOOOOt*G2 



tl 





551151 17E-0S'^~='.263625:9^-36 =716573613E-t!6' 

• *254438126-06 -.575488326-06 .6927467 8E-Q7 

-.70475&94E-&7 -.24692920E-08 .23833E70c-06 

GTSfiVF — ' 

-.55115137E-06 -.<63625U9E-06« -.16570&13E-06 

• £54438i2c.-06 -.575488326-36 .6927467 (E-07 


-.7047S594E-07 ~ - 

. 2469292 0E- 38" .23833S70E-06 ~ 

“ '• ' . 1 ■ 1 



FHI 






.95999373E*00 

•99355937E-04 

. 25159666E- 04 

-. 34 84 60 56c- 09 

•465087 52 E-OS 

.117-.7352E-C* 

G« 

G • 

Or 

a. " 

G r 

Or 

0. 

Oi 

C r 

.993699376-04 

. 10 0 QC 7 12E*Q1 

•366226536-04 

• 465C6752c-y 8 

. 33983«;87E- 06 

• 17399C26E-CA 

Or 

0. 

Or *•% - 

Ur 

u r 

Ur 

Ur 

0. 

— U- 

• 251596E6E- 04 

• 368226536-04 

.S5993511E*C0 

.11747352E-08 

•173998266-08 

-.304a36 622-08 

C. 

C. 

0. 

If r 

3, . 

3. 

0* - -- : 

c • 

Or 

*;"43ZODTM10E*B5~ 

Or 

Oi 

• 99995125c* 00 

• 10 154787E- 03 

« 2S588897E- 04 

0. 

Ur 

C. 

(i. 

0 • 

0. 

Or 

0. 

0. 

u. 

• tOdD^-* CS 

c • 

■ rrui64/e7E-iu 

“* n.TJSTJ756cTirr~ 

.36 3 445077-34 

a. 

0. 

0. 

a. 

Or 

0. 

8. 

Or ■ » - 

0 r 

Or 

0. 

. n 3c00 0 .Oc*S5 

• if 

.■383445S6E-04 

. 95393314E*T)3 

o. ' 

c • 

Cr 

c. 

0. 

0. 

c. 

c. 

Sr 

c. 

C. 

0. 

Sr 

w • 

c. 

. ■ . ixuoinrjoEFdi 

' “ Or 

Ur 

Or 

Q r 

U r 

, °* 

0. 

. 0. 

0. 

0. 

a. 

a. 

0. 

0. 

0. 

. 10 3 0 0 3C0c*01 

c. 

G. 

Or * 

IT. ' 

D r 

c. - 

U r 

a. 

0. 

0. 

0. 

• 0. 

0. 

a. 

0. 

.lCuOOQOCEtOl 

3. 

0. 

c. 

c* 

0 r 

e., 

-• J.5S62250E-15 

-V4 5557618 E-15 

263468 3*E- 15 " 

-.7 69241 JoE-16 

-.371699281.-16 

-.121955936' 16 

0. 

0- 

0. 

.99999’76E*00 

. 99 C46920 E- 04 

• 25111459E-04 

-.346843336-09 

.464309666-08 

.i17j6487E-C8 

■ , .455576iflE*l3 

.-•5S8627o7E-16 — 

-.237696 17E* 15 

-. 37 1699282-16 ‘ 

. 3517 1636E-16 

-•38538E31E-17 “ 

c. 

0. 

0. 

•99C46920E-04 

.130007392*01 

.36766C0tt-C4 

.46431966E-0B 

• 33905944E- 36 

• 17375 866E-08 

26346834E-1S 

-.237696176-15 

.21268527E-15 

-.131955932-16“ 

*r3flV380 3 it* 1/ 

• 44752502E-16 — 

Ur 

IT* 

r * 

.2SU1459E-04 

• 36 7260 06E- 64 

.999935356*00 

■ 1 17364676-08 

.17375866E-08 

-.304415116-08 

e. 

0. 

0. 

34525677E-11 

-.16052653E-11 

-. 565786 15E-12 

Of 

Or 

0 r 

.432000336*35' 

Or 

Sr 

.99599l2fc0.*3i 

• 10 15 34 85c- 03 

• 2559u 163E- 04 

0. 

C. 

Sr J 

-.16052853i-ll 

.I51947j2t-U 

-.16797460c-12 

ii« 

0. 

Ur 

0* 

r43Z0Q0dflc+ C5 

C r 

.10 157 485E-03 

.10 0 30756 EVffI — 

i3oj377ocfC5 

0. 

Or 

0. 

-.565786152-12 

1679746QE-12 

•I933t94yc-li 

0. 

0 r 

a. 

0. 

0. 

.4 3203 C03E*Q5 

•"2 559u 1638-04 

• 38337736TT*'C*» 

. SS993315C*TIC 

* 





m 





sthaj 

ISTMF*2. 

SEND TRAJ - STMFILE REAO 


» 


PS60QSEP 

IPFOBM ■ 1. 

P<1,1> « 10000.. P (2.2) » 10000.. P(3.3) ■ 10000.. 

P14.4) ■ .005, P(5.S) ■ .005. P<6»6> ■ .005. 

PS (1,1) ■ .022, PS (2,2) » .035. PS(3,3> ■ .035, 

PS ((,() ■ 3000., PS (5.5) * 3000.. PS(6.6) ■ 3000.. 

PS(7»7) « .001, PS (B.6) ■ .001. PS(9.91 ■ .001, 

IAUS « 9»1» 

IAUG(ia) • 9*2. — - 

NSCHED»*» 

MPFRE0*I1*0, 

E PS I G«. 03 5 ,2*. 01 , 

TC0RRr563.. TFINAL»570.» 

MGUIDbI. 

TGUID-567.. T0ELAY».5» 

7CUTOF“5fi7. * 

TIMFTA-593.5. IOPOL«1. 

S END GOOSEP— TEST CASE 


' 563.5 570. .5 1212 

564. 570. 1. 2002 

564. 570. 1. 2121 

563.5 570. .5 4123 





TRAJECTORY INITIALIZATION 


INITIAL EPCCH TREFERENCE OAIET 


JLLTAN OATt .... 
CALENCAR DATE 
TRAjECTCOT START EPOCH 
JLLXAT DATE .... 
CALENCAO DATE .... 
TRAJECTORY ENT EPOCH 
Jt.IAf DAT; .... 
""CALENCAR cate . 

INITIAL STATE VFCTOR AT 


2443956.6547830004 

~1S79 HAR “ 24 - 3 HR 42 KIN 52.9920 SECS 

593.0000001000 DAYS AFTER THE INITIAL EPOCH 
29 99 4 95. £59 7600 00 9 

1560 ScP 17 3 HR 42 PIN 52.9920 SECS 

553.5000000000 DAYS AFTEii ThE INITIAL EPCCrt 
2449550. 1547800904 

1560 NCV - 6 15 HR 42 PIN 5Z. 9920 SECS 

543.0000004000 DAYS AFTER THE REFERENCE EPOCH 


PCSITTCN 

YELCCITY 

SEPS “ASS ‘ 

EjCHAU.T VELOCITY 
ELECTRIC FCPER AT 1 A. U. 
THRUSTER EFFICIENCY 


- . • - ■ ■ - Y 

• 16483^0 9554940c *09 . 840«4E5j5£6#b0E+0# 

”• 22 40 4/c? 2 8 71 254 E* 02 . 8 18 68S59223926E+01 

~ I551."T588 000tlOO _ KC 

29. 41d03COOQC KH/SEC 
21. 65 33 CO QG0C KH 

" .64 0000 0 00 0 •' 


• 3142154 CHE 6849E* 0 8 
-.I434U3342?6914E-01 


‘-NACNll-JOE — - 

•il.5.13673527SE»C% 
• 23d5. 9234719476* 02 


RADIATION FBESSCRE COEFFICIENT -1. 0C 00 OCOOOB 

~ LIST OF “6R A VIT ATItlG eCOIES — 

SLN 

EA»IH 

• Ef>CK r ■ - - '**-• • 

•TARGET PLANET IS ENCKE 

INTEGPA7TCK STEP FACTOR"" .053/0' — “ — - V ~" 

REFEficNCc THRUST CCNieCLS 

’ ’ THRUST THRUST PHASE" F-HRUS T PHASE-THRUST PHASE 


PhASE 

NUPECR 

j — 


6HO TIPC 
CCAYT 

" 64.000000" 
140. . j 0 G j C 
2^0.000000 
470 • 000305 

525. 000 0 0g 
567. t. 002. 
577. 0C3CT0 

587. 0003.0 

aco.oooooo 


THROTTLING 

" C.ICO3O0' 

l.OCOCGO 

i.joocoo 

l.ooocca 

l.ocoooo 

1. 355000 
" . 1.CCC3GC 
I.CljCOO 
3.0. 5303 


THRUST PHASE — THRUST PHASE 
CONE ancle clock ancle 
TCEGJ (GEG1 

"" " 3 • CGOOOO 0.0 0 01! 0 3" 

68. 100000 224.6UCG00 

75.0.0000 252.00000. 


B5.3340CG 269.002002 


120 .501 00 0 
129.6743C3 
153.643305 ’ 
156.881409 
O.OOOOOC 


268.742000 
272.205202 
“ 8C.90C30G 
78.022700 
C . OuOOQ i 


THRUST FHASE- 
CONE RATE 
(06 G/SECT 
O.OjCGuO” 
G.OOOlCQ 
0. OGOLOO 

0.000200 ' 

D.aojsoj 

J. 2- JC CO 
'" C . C COG 50“ 
0.000003 
0.000000 


'THRUST PHASE 
CLOCK RATE 
(OEG/SEC) 

0.0C05CO - 

0.200000 

0.000000 

O.BOOOCO - 

0 . 0.0000 

G.GCGOOO 

O.CSOCOO" 

C . 00 0.00 

o.ocoooo 


-NUMBER 

OF 

THRUSTERS 

o.ococorr- 

o.coo.oo 

5.000200 
0.00220 Q 
0. 030050 
6. COCOCO 

7.0203C— 

7.000900 

0.000000 


BOOT PARAMETERS AMO ORBITAL ELEMENTS HAVE BEEN REAO-IN FOR ENCKE A 
PLANET RACIUS .5d030QI0003GEt03 KH 

F LANET SPHERE ~ " ~ — .“It CCOCOOCaOOTHO 4~KH 

PLANE T GRAVITATIONAL .ON.TAHT . 1C 00.00 03 CO OE-OB KH*».s/SEC*»2 


AT JULIAN DATE. ...2444580.000000000000 


StPl-HAJOR AXIS 
’ECCENTRICITY "“" 
INCLINATICN 
ASCFNCING NODE 
"ONEGA -r 
NEAR ANOMALY , 


•33la.81c67u3E*u5 KH 
“•84725 0 COO GG5c*C3 
.11953. COCOGCEtu2 OEG 
.32»2GiGG03CCE»0J OEG 
i 5120 5EC0 OeCETin'CEG" 
0. OEG 


KH/J2 
'I.O/JC 
UEG/ JC 
OEG/ JC 
“DEG/JC 
DEG/JC 







jOu NO. 

RUN GME 


SCMECULEO TRAJECTORY TINE 
STM FILE TRAJECTORY TIME 


563. QCO 0 CATS 
563. ClJC OATS 


TOTAL JC3 FIELu LENGTH = B702C0 OCTAL 
LENGTH OF BLANK COMMON = 011577 

_ HFTStrFEFETT _ SNtr~PR CPAC A TIC V EVENTTfCfiEtlULE 


FRCP 563.50350' DAYS TO 570.03030 OAYS IN INCREMENTS Of 


FROM 56C. OOcOO JAYS TO 
FRCM 564.00CJ0 JAYS TO 
' FpCK" 563.50 0G0 OAYS TO 


573.00000 CAYS IN INCREMENTS OF 
570. *0000 OAYS IN INCkEmENTS Of 
570. COBOD OAYS IN INCREMENTS OF' 


.'5 0000 DAYS — conr NO. — 1212- 

1.00000 CAYS -- COOE NO. 2002 

1.00000 OAYS — CUCi NO. 2121 
'.50030 DAYS -- CODE NO. 4123 


EIGENVECTOR EVENTS' 


1 THRUST 


"EVENT "TTME (DAYS) 


GUIDANCE EVENTS 


EVENT TIME (DAYS) 

afcfi.SOO 
570. j JO 


CUTOFF TIME (OAfSI 

5A7.000 

570.000 


GUIDANCE 

CELAY TIME (OAYS) 


GUIDANCE 

POLICY 


RE AC CONTROL 


. 0 PRE DICTION EVEN IS 

FILTERING ALGORITHM IS KALMAN-SCHMIOT 


►cASCHEHchl WHIT- NOISE STANDARD DEVIATIONS 


' “ CATS TYR r 

2-HAY DOPPLER 
2-WAY PANGS 
2-«4Y OOrPLER' 

2-HA 1 RANGE 
AZIMUTH 

"elevation 

STAR-PLANET ANGLE 
PLANET Lit") ANGLe. 

center-finding 

ECOY F T-»SCE tfSlOti 
EGCY CFCLXNATICN 


ETC DEV 

. moaccoac* u 
. jocacoeje-t u 
. lQOOOOCOc* oo 
.io3c:ouoe+G2 
. I600JOCOEAU'. 

" • 16 CO CCOuE-t 04 
. 15GC00u0i» C3 
•15CeOCCC*+t3 
. 13CC03 jOE+32 
.33QCC0GJE* 01 
.3CMC000F + 01 


Mti/S PER 1 MIN SAMPLE AT 
MITERS 

MH/S (FREQ DRIFT! 

MlIers 

hcrc-racians 

FICP.C-R ASIANS 

MCKC-kALIANS 

MCNC-HACIANS 

KILOMETERS 

ARC-StCONDS 

ARC-SECONDS 


12.0000 COUNTS/DAY 


TOLERANCE ON MEjHING SCHECULaC TIME POINTS HITH THOSE AVAILABLE ’ON STM FILE * 
TOLERANCE ON HFSHING SCHEDULED TIME FCINTS HITH THOSE AVAILABLE ON STM FILE * 

•' " FAILURE TC-KESH WITHIN TOLERANCE "IS FATAL* 

CCNTKCL IS PROPAGATED SIIiLLTANEOUSLY WITH KKCWLaCGE 
INITIAL TRAuEC I CRY TIM; 563.0C3C CAYS 

573Toc-c"cays 


.'33 OE-0 1 OAYS 
.13uE«01 DAYS 








« PEIPSI KNOHLEOGE UNCERTAINTY AT T RAJEC TORY TIPE 5o3.00CC PA YS 


CSS FGSITIC J * ;i7S20508e»aS KN 



• ACCPFO 

’ o.ooaoaooo 

O-OCCOJuOO 

Q.cocoom* 

C.GGOOO 000 

O.jJGoOOGu 

J. ooococco 



CCtE 

5 . 3 C 0 0 C 3 3 0 

<i«CCC 0 jC(*G 

u.c ooaoouo 

0.00000000 

C* 3 CC 0 G 2 G 0 

W • U 00 C'y 0 - G 

“ - >• 

■* 

CLOCK 

o.oooocooo 

c.oodoocjo 

OauOOOOwGO 

O.QJOOQbCO 

Q • C 0 0 u w 0 3 u 

C • m w G v 0 C C 0 



EPH X 

a. OQGuOQdfl 

o.cco-oocoo 

Q.GOuOOOCO 

o.oooaoouo 

o.oooocooo 

d.OOPtCOCO 



' EPH Y 

0 • Q 0 G 0 wO a 0 

■ 3.03003330 

- a.coooaooa'' 

■ U.OOjOOCOO 

■ ' 0.00000003 

o.ocoaocco 



EPH 2 

O.GOSOOOCO 

O.OCOuObO J 

0.30000003 

O.UOJuOCOO 

U.OC 033 U 03 

O.OOOOCCkG 



EPP VX 

C . 00002030 

o . o c a o u o o o 

0.30030000 

C.GOGOOOOO 

O.COOOOOjO 

O.OCOjjCCO 



’ EPH VY 

c.cccacjco 

G • 0 0 GO SCG 3 

C • COuoOODO 

■ 0 .03000000 

C. DC GOG 3 00 

C.OOOOJICO 

.. — 


EPH 1»2 

0 . jCjQOOOO 

3.00303000 

o.ooooooco 

0.00300000 

Q.oauoaooo 

0.0 0 1.0 0000 




°C 1 


L.OCOOwOOC 

O.OCOOOOuO 

C.CQCOOlOO 

C.C0330C03 

C..CCS0330 

0.3030u3u0 

LON 1 


w • CCU0D33J 

0 • 3 0 Ci>3 30 0 

o.ogooaoou 

0. 00 300000 

G. 30303030 

3. 3C 0003. 3 

Z-HT 1 - 


C. C.O 0 03 3 u 

0. 03003000 

C .00303303 

3. 00300000 — 

C. COG 00 000 

0.00000033 • 

RS 2 


G. CUOQOQGG 

L.OOOUOCOd 

a. ooooaooo 

0.00000000 

Q.OUQOUOJO 

0.3 G3 30 3CG 

LON 2 


0 . ccoouooo 

O.OCOOOOuO 

d.OOuOOQUu 

O.OOO33C0O 

o.o ooocoao 

Q. 000030 SO 

?*nr 2 ~ 


n.oooooaoc 

5. 00 COuCOO 

0 .GOOOCOQO 

TTOO333C00 

T.ooooacot - 

Q*G Gt tu wfcXI 

RS 2 


0. OOJCdJCO 

3. 00 303000 

0.0003.033 

C.uOOOuCOO 

U. 3 3 GO 0 3G. 

j,OCOC33vG 

LON 2 


C. 00000300 

O.JCCOuCCQ 

C. OOuOOOOO 

0.00300000 

0.00000000 

m«0«GC0ClQ 

Z-HT 3 

. - - 

" 0.00300030 — 

" 0.CCS03C00' “ 

“C.OOOOOOuC - ' 

~~C7CC00B3C0 

C.3 C 003 30 3~ 

0.03003330 


5CXVE-FOR PARAMETERS ' 




mw**** ** 


' STANOARC DEVIATIONS AHO CORRELATION COEFFICIENTS 

STO D^V ACCPNO 

EFH VX 


CONE 
EFH WY 


CLOCK 
EPH VZ 


ACCPPO 
COKE 
CIOCK 
EPH X 
EPH Y~ 
EPH 2 


.22CGOCOCfc-01 

. 35 EcoaooE-ai 
.350ogogoe-oi 
.30CGJ0C3t*3<i 
, 3 TOCOIJOae* 5 «.' 
• 3oau ot> «.0E«-a <• 


1 . jcaoaajo 
u.aaaDuiiac 
a.ccjooajo 
G . 00000300 

-c.aaocoooo' 
o. uoooooao 


1.0CG03C0O 

O.OCOQ3COO 

u.OCCOGCjO 

0.DCCC303O 

a.acGOGOuO 


i.OOOOQOJO 

0.000000*3 

-c.oaooaooa 

0. 30G0u jOu 


1. 0 u 03 0 0 0 0 
”0.00003000 
O.OCOOOtOO 


1.0 0000000 ” 
O.COOOOuuO 


.I0003G3 GE*\T< 


C.CO3OO0OC 

1.3G3C20yQ 


n.ccioacuo • 


S 0 3 0 3 Q CTO 


■fficanoBono.- 


l.OBBBBOGO 

TritraTaiTco - 


EPH VV 

.10030B00E-Q2 O.OCOCOJOO 

G.GCOOGCOa 

o.acGDcoao 

0. 00300000 

0.00000000 

o.ooccocto 



c.acBcooaa 

l.C<jJGuuflu 






□ EPH VZ 

•loooaa ooe- 32 o.ocaooalo 

a.coouuGoc 

3.QCC00CG0 

o.ocaouooo 

o.aaoooaoo 

i.oaoQGoao 

C. 00003000 

C.GQQOCOOJ 

O.OOGOCQ.O 

. 

PS 1 

o.cooooaao 

a.accaoooo 

o.GOaOOCGO 

O.OOJOOOOO 

0.00030000 

0.00000000 



tf • 33QP03O 0 

0. 0003*000 

C.OjQQQjOG 





LON 1 

Ci . juIQCQCC 
o.3ic jjaao 

0.0000 j C J 0 
O.COJPCtJO ' 

0.33G000C0 

O.ObOGOGCD 

0.00003003 

O.OOOOOOOu 

C p fi w 3 w u C C 0 


Z-HT f 

c. 330 c:o;d 

G.CCGCOCOO 

Up * V C U u w u 0 

O.CGOOCuOO 

Up GQUU JUJU 

C.OOCGuCGU 

jpuGGO-COG 

Up UO jUuUUU 

G« Q 3 0 UD % t.0 

>• 

• 

RS 2 

c.DBaocooa 

0.33033000 

J. 00 30 000* 

0.03000000 

0.00000000 

OeOOQuOCUQ 



u . 3G ooaa oo 

QpCGO'jCoJO 

o.ObCCCOuO 



, 


LCN Z 

0. CGBCjIQO 
0.00000380 

u.QlQQUCuQ 
0. OGOQUUGU 

O.uOOO jOCO 
0.33030033 

o.ooaauooo 

O.uOOOOOOO 

O.OCOGOLCu 


' Z-HT Z 

Op DjOCGuuO 
Q.CuGuOSCG 

u. 000 30 000 
o.coajuaau 

G p uGGOaOu 0 
0 . 0 J C 0 GGC 0 

C. 00030000 

QpQj»QG0Q3 

J p m GuGwCCO 


RS 3 

o.soaouosc' 

* p 0 0 C J G C u d 

C.GQ0C3C30 

0.30000000 

C. 0 00 00 00 0 

0 • C 0 0 u 0 uCG 


= ' 

1 o.aaoaaccc 

G • GCQQuuuG 

' O.OCCQG.OO 





i LON 3 

O.OuODCOGC 
u • 0 G 0 *a 0.0 C G 

a.cocjacuo 

G.GOoaaoou 

O.aOuOGUQO 

c.oootcaso 

a.ooookooo 

o.ooocaojo 

OpGCuQGujO 


'Z-HT ' J ’ 

5 i 

. 0.C300D000 

o.cocQoaoa 

o.oocoaaao 

o.acoocooo 

UpOOGGOOGO 

O.GuOOOOOO 

3.00000000” 

■ 0.0 00 00 00 0 

O.OOCOOOCO 



HEASUPEHENT PARAMETERS 


ST ANCARC DEVIATIONS AhC CORRELATION COEFFICIENTS 
STD DEV” RS i 


RS I'* •' 
RS 3 


ICN T 
LON 3 


“ZliiTT' 

Z-HT 3 


ps r 

LCH 1 
Z-HT 1 
PS 2 ~ 

LCH Z 
2-HT 2 


.i5c:noaoE-;z 
. 57 eS 971 ZE-y 6 
.lOOIGOOOE-vl 
.I5C:iC3CE-3Z ’ 

• 91 7e6&9Sc-G6 

• 1 j ..C C COE-J 1 


1. CCCGGOCC 
u.acaajDoC 
C.CBBCC33B 
"fi. caocoaao ' 
3*33 J a G 0 3 0 
0 • 3 0 3 B *s j 0 0 


l.CGDOJOOa 

3.Q0C03CCQ 

' G.nooaaooo 

.930000.3 

o.occoaceo 


1. 00G330GO 
”o.ooooaooo‘ 
o.oaooocQO 
O.OOOOGOOO 


”1.oo30gcog” 
O.OylOuCOO 
0. 0030GC30 


l.OOOCOOJO 
a . coo.go.o 


PS 4 
* LCN'2” 
Z-HT 3 


.15COOCCOE-3Z 
”.5 7E 3 6V 6* t-~C~6~ 
•lOuCOC OJE-Ol 


Q. OyJCGOCG 
1.0000000G 
Tr;acaoB03fl~ 
O.Ou'JOSuGC 
B. 03030130 
0.33000300” 


o. occaacoo 


0.30003003 


9 1 Ci 0 C3D T.“ira DO C aBB— 

i.COOCCCOO 

C.OtdOOCta O.JOOOOOOO 

c. ooocooaa ' l.ooocacyo 


o.uoaaocwo c.cnoaGcoa 

”0V0 0 3 0 0 ODD .”9TT6 0 5 3 5TT 

b.GOQOBOBO • O.GCOOaOOB 


1.3B3CSCC3 

o.JGocacLO 

'uVuVCBDaCB'" 

G. 00003 CQO 


INITIAL S/C PASS ERROR 0.3C30 KG 




sail 








.uSSWfct 



joe no. 

RUN DATE 


06 / 33/74 




S CHtCULtO TRAJECTORY TIME 
"ST* FILE "TRAJECTORY - TIHt* 


566.5000 DAYS 
56675000 ' DAYS' 


GLIEANCE' 


JULIAN DATE — 2444523. 154 76000 
DAYS FfiCF LAUNCH- 566. 5 uu - OOC 0 

"DAYS FRCH CUTCFF- " 3 . 50 C- COOOu 


CONTROL FHASE — 6 

PRESENT S/C P ASS- 1494.88289798 KG 
'POWER AVAILABLE-- 16.535240 68 " KH 


PRIMARY 60 DY — SLN 
EPHEMtRIS 0 CCY — tNCKE 
TARGET cOQY “ ENCKE 


S/C RELATIVE STATES 
'SUN ' PCSTTTCN — 
VELOCITY 


EARTH 


“'ETiCKE' 


PCSTTTCN 

VELOCITY 

PCSTTTCN' 

VELOCITY 


S/C ACCELERATIONS 
P 6 IH 4 PY SCOT 
PERTURBING 30 CIES 

TP RUST " 

RADIATJCN PRESSURE 


''.'I 4320 C 6829 E 158 E+ 39 ' 
■. 26 741 5 7 366 08 7 4 E * 02 

. 766325 -. 9044037 E+C 6 
-. 1929 S 782577 J 11 E+C 2 

-Te;-.eZC 73960085 E* 07 " 

. 34394298 o 81177 E +01 


- • 3525 6 0545 5 5521 E“u 5 
-. 1868 / 3506564174-10 
3639441934 0935 E- 07 ' 

a. 


EFFECTIVE S/C PASS STANDARD DEVIATIONS (KG ) 
CONTROL* .5958 KN-WLEuGE* 52.9512 


9671 G 6 + 0713841 E+ 08 - 
• j 7 o 14455 32 86 59 E+Ol 

. 51811588343884^*08 

-. 249406110423545+02 


3 C 21 43066297294 + 78 “ 
-. 12933623814313 E+Q 1 

* 302143 , 6 C 25729 E+uB 
-. 129 3 362381431 JE+ui 


523757151 6 + 671 E+ 07 “ 
• 26199526505304 E +01 


-. 2377641619 J 867 E- 0 S 
-. 1024104160 ' 5344-09 
-. 6433229312 + 060 E i 06 “ 
0 . 


295 39 034 520448 E+D 7 “ 
. 1453468 b«i 4 l 873 E + ul 


-. 7 42 8 22 244 7 2570 d- Oo 
-. 664912232721464-10 
“=• .9076993504 89822 - 37 “ 
0 . 


NAGMTUCE 


■7I7542030i4'1334ETIT 
. 29 C 155 C 12924 UE+Oc 

' .555 82 7664116772 + 08 
* 3124 7 3356 32 34 6 E + 02 


VO 

ON 


• 652475 C46 059 5 EE +57 
.4 5'il42ci526117E + Cl 

KAGNTTUDE 

.4 3127235250 3»2£-35 

* lit 354960 2i5oOE-3S 
■“.E 52 I 3799974 e 35 E- 06 “ 


JULIAN CATE — 2444523.65476000 
OATS FFCH LAUNCH- 567 . 0 J 3 6 0 0 0 0 
“DAYS' FRCP CUTOFF- 28250100000 


S/w RELATIVE STATES 
‘ SUN •' FCSITTCN 


EARTH' 


ENCKE 


VELOCITY 

FCSITICN 
V E LOC 1 TV 

PCSITICN 

VELOCITY 


'S/C ACCFLFRITICNS - 
PRIMARY PCCY 
pertuheing eociES 

THRUST 

RADIATION PRESSURE 


“ • 14 i 9357 uilfe 3 E 4 t+Q 9 
-. 288566 , 37521376+02 


7 T 554643 38 14 235 52+ 05 ' 
• 1523 993960 3951 E+ G 2 

• 5 8 519821 31 2990 E + 07 
. 342292306572064+01 


-. 354646 71686 104 E-j 5 
-. 17 C 8352 S 365332 E -10 
“-. 537530404048464-07 
0 . 


LONTSCL FHASE — 
PRESENT S/C P.ASS- 
'FOWER AVAILABLE-* 


1493.44517362 

16 . 67711498 “ 


KG 

“KW 


PRIMARY BODY — SLN 
EPHtNERIS BODY — ENCKE 
TARGET“BOOY — ENCKE 


* . 9607027301 a 787 E +08 
. 36 i 98 d 419 o<i 673£+01 

'. 5 ;< 50228366279 E +08 

-. 2454 J 819437732 E +02 

-. 512517 24 62 n 792 E + 07 
. 2563523346 / 855 E +01 


-. 242 fil 017 G 4 ., 247 E-u 5 
-. 1 C 512 255 1 21 954 E - 09 
-. 1,457025781 t, 979 E -06 
0 . 


. 3015765220 11 33 E + 0 8 
. 122962834251694+01 

. 30157652201 133 E + 08 
. 1329628322516 '/E + iU 

■ 289622944 88790 E +07 
. 14480613255247 E+U 1 


NAGMTUCE 

• 174484253945 ^ 34 + 05 ' 
• 4 SI 54 u 2 t.c 95 il 62*32 

. 5503 + 523527578 E+E 8 
. 212353268847 82 k + 0 2 

•B 3289249744703 EA 07 " 

. 452635553724 O 5 E +01 


-. 7 S 34260514 S 977 E -06 
-. 5914624294 G 511 E-A 0 
-. 918867321 J 58 04 E- 07 " 
0 . 


NAGNITLCE •— 

.435912522633404-05 
. 121823182726 544-69 

.658 3665550163 06-06 

0. 


USHi* W+ttji r " r "' 


ORIGINAL PAGE IS 
OB POOR QUALITY 







f JULIAN CATE — 2444 543. 654 78u GC 

; days frch launch- sai. ookcoojo 

OA»S FWCH CUTCFF- €.59100000 


S/C PELATIV6 * YATES 
SUN POSITION 

VELOCITY 

EARTH FCSITICN 
' " VELOCITY 


ENCKE 


POSITION 

VELOCITY 


.85.j59276259084E*C8 

-.37gi034596Z45oe*c2 

••31O35687506246E+C8 
■*. 1823141 0B37S93E*C2 

. "t 

■ • 1 164186930 D 22 3t* L 7 
•20823536u42S19E*Cl- 


CONTROL FHASE — 8 

PRESENT S/C HASS- 1 ‘•43. 42139371 
FOHcR AVAILABLE-- ai.GGuQOOCO 


. 98241654 97u290E*U8 
-.2 9599 2274813 69 c*01 

•7G5212d69G2571c*07 

i .2E4T11752821425E*02“ 


KG 

KH 


-• PRIFARY BOOT ** — SCK 
EHHcHtRXS SCOT — ENCKE 
TARGET BOUT — ENCKE 


-.11084286569 9426* 07 
**. 2B012306e53S47E*Or- 


S/C ACCELERATIONS 
PFIHARV ECOY 
RERTWtcINO ECCIES 
THRUST 

' RACIATTCN FHESSUPE** 


~.4e405TE63285670E-05 

• 1605957555 9255 E- 05 
-.55115136581322 4- j£ 


-Y557102158J2125E=TI5“ 
-.50306646228704E-10 
-• 26362*513 7502656- 8b 

Q. ■ -•■-* - * ** — 


S/C HA£S = .149345£»04 THRUST= 


.6583676-06 AT TINt S67.0w00 


.2625 64 80826740c* 08 
-.340695955981516*41 

•2625848 06267 40L*U 6 
~-.3406959559815lE*Or- 


HAGM TUCE 

• 132 767 22724* 17E* 09 
» 377877006285921. *02 

•41 8669148998 12E* 08 
-.322652176C5922E«1T2- 


-.64249S932U6823E*C6 

—4114649e2fl7JJ5bE*Cl* 


“-Vn. 8 9 0 4 8 239 46 4 8E-T5- 
144^58480250306-09 
-. 165 706135 71341E- 06 


.173111 76c6 66 12c *S 7 
~i 31S752eS39c243t*91~ 


HAGMTUCe 

.75 288744726 3Z6T-tS 


. 2 2 1656 108 3 15 11 £-05 
•63 30 28 49 14 57 35c- 06 

-o. * 


S/C HASS* • 14 4J42F* 04 ThRUST= .633028E-06 AT TTHfe 567.0000 


~JOLIA‘rCATF --~ZW4*55Trri547E0ur-- 

■OAYS FACE LAUNCH- 593. 503 OC'Og 0 

DAYS FACH CUICFF- .00160000 


“CONTROL PHASE ***— 9 * 

PRESENT S/C HASS- 14 4 3.421393 71 KG 
POWtfi AVAILAELt -- 21.00300060 KH 


PRIHARY BOGY — SCN 

EPHEHERIS BCCY — ENCKt 
TARGET BOOT — ENCKt 


/C RELATIVE STATES 
SUN POSITION 

VELOCITY — 


EARTH 


ENCKE 


PC5ITICH 

-VELOCITY* 

PC SIT ION 
VELOCITY*' 


,b3788094552524E*08 
.35847 194934075E* 02 

. 4 21 37 16 24 2 75 6 3L* 08 
•185i9687852©6Qc*02" 

• 7468884253 50 19 6* 34 
.264 824 1195 1477E* 01“ 


.95572648950013E*06 
" -.671636 84.880397E*01 * 

-.814857816461856*67 
27891 8 46716 5926*02' 

-•21bu7755476913E*»4 
.19519505 E53896E* 01“ 


•243872628688646*68 

-.437067375428815*01' 


S/C ACCELERATIONS 
PRIHARY 6CCV 
PERTURBING BOCIES 
THRUST 

-MOmrCfT FRESSURE' 


-.5231474085 56 75E-G5” 
. 12651 37752 341 Q£- 09 
0. 

-Cl . — 


-.7 8 3823 12 5 5280 7E- 05 
•14 73764108*744 E- 10 
0. 


.240872628688696*08 
" - .4I706737542d81E*01 _ 

-• 77279CS856 7905c* 0 3 
— .114023159851466+01“ 


--.19754766640795E-05- 

-.8163376057/2296-13 

0. 

't; 


UNNcJChlEC SENSITIVITY HATRIX (CUTGFF HRT CONTROLS) 


• 7885 71 5962/8F ♦ 36 
•1E692?437297E*C6 
.Z026T811616TE* 96“ 
.9465558842796*03 
. 28 1665221582E* OO 
>25357009 13* 16 *00 


.12bC505280j8fc»06 
-.80742 05161116*06 
—.55207286853 CE»05 
.2031326015886*00 
-. 50694634460 7£*0 0 
.7560423230756-01 


-.9522957659476*05 
.1185932480946*05 
~ ■.365231655366£*0ir- 
-.1114100525476*00 
.1087407392376-01 
.4128 890 2 75656*0 O' " 


0. 

0. 

-q; 

-.5511513658136-06 
-• 2b3 62513750 3E- 06 
-.165706135713E-06- 


NACMTU3E 

•1174u2C8D 3328 46*09 
.-406449423526156*02- 

.452152210670-36+36 
-.33 76453985 73051*0 2 

.7757816 31 98 753E*C4 
**^ 303C5c24721C*Sc*Cl~ 

HAGMTUCE 

~. 96i 85356331 4 656-55“ 
.1537490442783*6-09 


VO 

-vl 



KNCNLtCGE COVARIANCE AT HANOVER EXECUTION TIHE 
*- EASCC CN hEASUREHcNI S UP TO 566.5000 CAYS ' 


SE7.CCOO CAYS 


RSS POSITION 
-RSivELOCItY 


.207467336*93 KH 
IcB 4 3 4*5 4E * 0 1 H/S 


33*5 




STATE PARAMETERS 



STAMCARC 6*9 

IATIONS ANC UCRRELATICN 

COEFFICIEMS 

X 








STC 0E9 , 

x 

z 

WX 

W Y 

wz 



X 

.4892516 7c *02 

1. OOOjCO jO 







• 

t 

•lC291952et03 

-• 834432 l2 

l.OOOOuOOO 






'* ' 

_ j 

.1733683 EE »D 3 

. 83456317 

-.95595587 ' 

I • QOGOuOCO 






AX 

.506923676-03 

,716&yfafC 

-.58757729 

.58753891 

1. OQOOOuOO 





vv 

. 615775 30 E- lx 

-.65721785 

.76225247 

-.76218586 

-.85707312 

1* 0 000 0 0 w 0 




V2 

.taOl5685E-:2 

-“;6475b525 

“-.79 025175 

“ “V 740 189 73 

.86317727“'“ 

-.99929273* 

1*00003Dl3 



ACCPP C 


.1.9363771 

-. 382So3fc7 

.38262769 

.84114825 

-.72799167 

.79212-75 



CORE 


-.45642126 

.33328819 

-.33320734 

-.88132628 

.05957616 

-.67189413 



* CLCCX 

•■■■■■ ! 

-. 43926863 

.27350585 


—•78732471 

• 6 150 3D 79 

*«b3i6uS12 



* * EPH X 

* .■ 

. 00 33 5658 

V. 001*8728 

.00158917 

-.00082434 

•00181281 

-.00189074 



EPH Y 


-. U2397325 

.02407533 

-.02408093 

-.00405731 

.60335509 

-.00291022 



EPH 7 


.05465355 ' 

-.05942885“ 

.05943797* 

:01124137 

* •010400 86 

•Oj5GC865 



EPH VX 


-. DC 1 C 6654 

i 0 C 265 6 05 

^ * uQ Zb5b95 

-.00243320 

• 0 0o974ol 

•• DC3S4ecO 



EPH AY 


00479673 

•G0u29tll 

-.00629585 

-.0-IJ24583 

.00539928 

-.00520 7t3 



EPK VZ 


. 01037155'“ 

01-615628 

• 0161535? 

.01063301 

-• £1749133 

• J17214EI 



PS I 


20521900 ' 

-.00737462 

'* .00750761* 

-*. 01699597 

•00372125 

• U OlS Be 74 



ECN 1 


.07155932 

.09529250 

••0451o438 

•010040C3 

-.00757529 

.01358020 



Z-HT 1 


-.34582835 

.35082885 

-.35087849 

-,Q2l846bl 

-.00502296 

.02065211 



PS 2 


”.07332713“ 

-.02249132* 

• DoZ5 2367 

.50109086 

.00514338 

-.0 C549*c7 



LON £ 


.02532737 

.03221255 

-.03211517 

.91291V731 

-.00777578 

•ul 13 7876 



Z-HT 2 


.34250205 

—.34668519 

.34676978 

• uit,p*»ee5 

• - 1287 75 1 

-. G28€65c3 



- PS 3 


*£*. C30CC30G 

3 . 0 CCGG C3u 

ti • 003 0 C C Cw 

0 • 0 C 3 C Q C C 0 

0 •£3030330 

0 • 1313 - 0 3 C v u 


r 

LON I 


.04587001 

.03671292 

-.03660611 

.01089298 

-.0 0727156 

. 81182271 



Z-HT 3 


fi. 0000-000 

0.00000000 

0. 00000000 

0. uOOOOCOO 

o.aouooooo 

o.Gooaocco 




vO 

00 


SCLUt-FOR PARAMETERS 





*-•*. -tt*****,- 










jPO 




sta hcarc obviations and corr elation co efficients 

STO OEV , ACCPKO 

EPH VX 


ACCPPO 

.541.928 Q7E-02 

1. 

COLE 

.135187336-31 

* • 

CE0C1T 

' n75.7r9 5E-II 


EPH X 

.21 72l31Sc.f 94 


EPH t 

.19066.176*. 4 

•• 

"EPH r ~ 

•115196112*04 

• 

EPH V* 

.98778338E-03 


EPH *» 

• 990769612*03 

1 

• • 

\ EPH or 

* 

29S144045E-TT3 

• 

RS 1 


• 

"LCN 1 


• 

Z-«T I 


-. 

PS 2 



LCN Z ~ 


• 

Z-HT i 


-. 

RS 3 


0. 



0 

LOtTT 


. 1 • 

Z-HT 3 


w • 


. 02.41483 
0051949 ? • 
.92399236 


ccashu ta 
.!)301i4B2 
OC 198069 
. Cu CC2C5 7 
00772520 
.00075848“ 


3 C220259 
.0001)126 5 


S/C UNCERTAINTY RELATIVE TC EPHEMERIS EOCV 




V - 


* 

CONE , 

CLOCK 

EPH k 

EPH V 

EPH Z i 

EPH VY 

EPH VZ 




..OCOOOCOO 




9 

'.9C8O5097 ' 

1.00300000 




. Qi027t35 

.00342916 

1.30300400 



. 00212760 

. 0020.888 

.63767759 

. 1. 000000. c 


.00522117 

-.00471068 

.90017333 

.81665764 

— l.OOOCOOtO - - - 

.0018.067 

. 00140582 

.15013636 

.07494941 

.069793.7 

.at J1 7C40 

-.00451647 

.06090219 

.14403249 

.05453313 

1.00030000 





•OC5^20ui 

-.00191077 

•02896769' 

• 02752334 

• 16761363 

-’. 00394647 

1.00000000 




.0 C 04247 2 

.40143*24 

.00263002 

-.00303845 

-.0ul61779 

.00016510 

.00327850 




.0^260210 

-.00246091 

- .00069757 

.00205288 

- —-.00886034 — 

-. 0 r 00 0 0 75 ■ 

.00019.43 




• O 0 437581 

.00790165 

-.40345338 

.02175388 

-. 05122927 

• 0 CO0651G 

.03031945 




.0042776 7 

-.30.84216 

.00084114 

- . 0 0265753 

..0481145 * 

-. C0OO6533 

-.40314036 

" • 00013049 



.0.237612 

• • 0 02*4*653 

‘ .00193791 

*•0 0613014 

-.03035876 

.04011842 




•0C527352 

.301829.1 

. 0034««813 

-.02172954 

.45120941 

-. 0C0SSa35~ 

-.00030374 



I.COQQGCQQ 

0.00000000 

0.00000000 

0.40000000 

0 . 0 0 00 1 S 30 

0.00300000 

C. 00000300 




.00235553 ~ 

-.00232553 

V0 0038182' 

.-00189038- 

-TO 0710454 

-.0.332819 

.00014770 




i.aohoocso 

3.00300000 

0. 0000000. 

0.30000000 

0.0O3C0C39 

o.cyoacoya c.ooaaeuwa 

» • 


VO 

VO 


; 


9 






HOARD DEVIATIONS AMD CCPPELRTICN COEFFICIEMS 
SIO OF V X 


VX 


vy 


vz 


X 

» 

* Z* 

vx 
VY 
VZ ' 


.2l725106.*06 
.19669617E* J6 
.11566990E*,:6 
• 1 1 11 36 16L-.2 
.llb37J352-v2 
.13501517E-12' 


i.oooocjco 

.63397683 
* .65923650 

• 11.117562 

• Ji.31i.2ca 
.03215163 


i. ocoaoGoo 

.8133.663 

.0i3862c6 

.16231626 

-.5J700Z70” 


“1. 0000 DC SO 
.35736160 
"•30793878 
19065390“ 


1.00030000 
-.18970760 
— 72T7S2650' 


i.boaocoao 

“*? 37 36 0 029 1V0 0000200“ 


"FOSTTICIT £CB - BCOCTT 

e-vals iscsn 


EICENVFCTOPS 


.2025886*01. 

•28036lE*02 


~.c?35S3f*ff3“ 


.71125916 . 61223955 .36527722 
'.656/5985 ..26860137 .66216806 
*.25552039 =768236686* 


**.£8661912 


e-VAlS <SCRT> 


61GENVECT0PS 


.1021166-02 
.5775S5E-03 
.1553566= 02“ 


.82069766 .50U71059 -. 966632 JO 
-. 61985666 .66596636 .61226693 
-73765571 2~*"=76 8 65 9722 778 525922“ 


CGMPCL CCVAPIANCF AI MANEUVER EXECUTION TIME 


567.0000 DAYS 


PSS POSITID-I * 
RSS VELOCITY * 


.175989126*05 KM 
.956637706*01 M/S 




STATE 


PARAMETERS 



STANCAPC DEVIATIONS AMD CORRELATION 

£tc dfv — — 

COE FFIGIEMS 
X 

- * ’ V 

2 *“ 




— * VK 

\iX~ 

V2 


X 

.10 17612 86 *.5 

1.Q333C3GC 





□ 

■■■ » 

. 13166125c » j5 

. 00388756 

1.00000000 





A 

-2 

.131619256*. 5 

. .313 33 6 C 

. 00.990*263 

l.i 0000000 




'* v>~ 

•55C53625E-J2 

• 18520566* 

— .018567^6* 

0726983*' 

T, 003060.0 

■' 


1 

VY 

.575270982-32 

• 0213.362 

.17623578 

• C. Qu 38605 

-.60276.82 

1.00003009 



V2_ 

. 5556631 8E— 3 2 

. 00816620 

.00 257868 

.15526781 

.01513580 

•03B5S9C8 

l.CQCCSC.O 


*" ACCP.RC ' 

• , r _ 1 ; ■ / ^ ' .. ... !;• ~ ' L _ “ 

-.00352686 

-.03256266 

* -.00655661 

" -.03366138 

“ -.33725838'“ 

— -.06893756- 


COME 


-.0518 2933 

.30639089 

-.00660667 

-.52362701 

. Db25l509 

-. 0o0387C7 


CLOCX 


.00 6908 56 

.00503213 

-.93992097 

.66968112 

. CS26L59Y 

-.62698167 


EFH V 

- ' i - ■ «■» •*— 

* '-.aooooacs * 

-'OCCOOOJO 

-.UOOOCOuO 

-•OuOOj.OO 

-.u. 0090.0 “ 

— -. 6CC3.CC0 * 


EPH Y 


-.32300030 

-.300.3000 

— . u Q. 0 3 3 03 

-.00.03000 

— . 0 0 u 0 u 0 3 0 

-.00533033 


EFH 7 


.0 30:531 

-.00000090 

• .0.0.500 

-. .0 JOOC.3 

-.00303300 

. o.occr.G 


~ EPK V* 

• ' 

-'-.0033.0 33 

-.OQCOGCjQ 

-.LOGO 00.0 

-. .0006000 

-.30000003* 

— . 30305 030 


cPH vY 


-. 030030 00 

-.0030.030 

-.tOQQjOQG 

-.00300003 

-.00003303 

-.00600030 

. 

CPH %Z 


-.03960030 

-.OOOOOCoO 

.00000000 

-• C 0300 CC 0 

'-itO-onjoao 

.000030.0 

i 

RS 1 


6. 00300690 

0.02000000 

O.COCOClOO 

0. 00003000 

0.33000003 

0.330000.0 

i 

~ LON 1 

- ■ **— -f> •* ' 

"* 0.3O 0000 CO 

C. uLOOO 0 30 

0. .00 0 00.0 * 

*"* *0.00333000 

0. 006.3033 

o.oc.oocco 

f 

Z-MI 1 


0.0C..0J30 

o. Qcoouoao 

0. 000030 'JO 

0.00300000 

0.00006000 

. • 00 . 0 . coo 

t 

RS 2 


6.00300330 

6 . 00 coo coo 

Q.E0303000 

0.00303300 

6..C3QC5.0 

a.ccscocio 


—** LCN Z~ 


0. 0390.0 30 *' 

0.03300.30 

0. 63300003 

— 0.30. .0000 

l. CO 3 C C 0.3 

. . 6 . C .* C C 0 0 

5 ' 

Z-HT 2 


0. COOOCOQO 

Q.OCOujOOQ 

o.cooooaaa 

6.60000030 

o.ocjococa 

C. 000.3060 


PS 3 


0.00000330 

O.OCCOOLOO 

0. £000060. 

G. 00300600 

0.00003000 

0. 00300000 


~ cctr*3*“ 


“ 0.06000000 

*0.00003000* 

* -O.COOOOGOO 

0.00300000 

6.003030.0 

*** 0 . 000000 : 0 “ 


Z-HT 3 


0.3000.300 

ii.occoec.s 

3.00000003 

0.00000900 

0.60060030 

0.00636060 



SCLVE-FOR 


PARAMETERS 
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STAHOARu DEVIATIONS ANO CORRELATION COEFFICIENTS 


'ACCPFC' 
COKE 
CLOCK 
" EPH X* 
EPM T 
EPH Z 


.ZZir 00336-31“ 
•i5C50OOGE-31 
•35053SG uc-pl 
73023-<J55E«;<T 
.30193969E»38 
. 30 l£6L30t*58 

•1O019-73E-Q2 

".T1TC035ISE-I3 Z“ 

.99912232E-83 


flCCPRO 

cFH VX 

‘ i. 03305333 “' 

o. coouuoeo 

0 1 00 0 0 00 3 0 

•■o.occcuo.c ' 
0.00000000 
o. ooooooau 

3.-033C0J3 

l.oocoo-’oo 
~u. oaoGoooo ~ 

. G-292 87 C 
6.CC30C0C0 
. 00120768 


- coNr 

EFH VY 


1. OlOOQuGO 
C.0CG0--30 
' 0.OCC50-.3 “ 
O.OCOOObOO 
O.OCCOOCOO 

0. OCJOuuuJ 

'0.00000000 ~ 
l.CCJOCODO 
O.OCCOOCOO 
• 00086o27 


'CLOCK 
EPH VI 


i.oaooaouo 

c.ocecaoio i.ouoocucr 
a.ouoaoooo .oojii871 
0.000030-0 .00103388 


Q .OOOOCOuO 


-.13558119 


•■o.ooooootra ".02821301 


0 . oococoou 

1.00000000 


.00929853 


1. 00003000 
.1.0067887 

. u 2620338 


.00618736 


l.OOCCOOCO 
.0 0 5^9328 


.09561829 


1 ■' ' “ 0.00303000 ' Q. 00X00030 0. 03003300 

0.--GG3C00 Q.CCOOCO-O G.OjC.jOO C 

LUN 1 ' 0. UvJOOGOGU 'J.OOCOOCOO 0.30000000 

• - - ' O.03CCOCC0 Q. CJQuC-00 a. 000 00003 

-HT 1 6.CC30U0C0 • a.DCCOjuOO Q.3Q0C3CC- 

3.03303300 3.CC03CG30 C.0C3CJC00 

P5’Z 1 0. 030.09-0 0.00003000 “ 5.50003-00 “ 

O.JOOOOOC3 O.OCOOCOOO O.OGOOOOOli 

LON 2 C. 003-9330 O.OCvJOCOO Q.uD-030-0 

' 1 10.00000330 O.uOOCCCOO " C . 00 3 3 030 5" 

-HT 2 ’ 0. OOOOOOUQ u . 0 C 031 CO 0 0.00000-030 

O.OCuOOGOO O.COOOCCOO 3.000 0000 0 

RS 3 6. CCOOOOuG B.Jt;C3l.9 fl'.OOJBOOGO 

5 . 000-3000 Q.CJ030330 0.00000-80 

LON 2 0 . -CjOOOCO O.OC.O-COO 8.00-02003 

““ 0.000-0008“ 0.00000030 “ 0.00030-03" 

-HT 3 0.00080030 O.OCOOQCOO 8.00000300 

. 0.00000000 0.02-0-000 0.3.000000 

S/C UNCERTAINTY RELATIVE TO EPHfcHERIS .BODY 


C. 03000 000 5. 00000033 


3.30805 50 0 


0.00000030 C.0CCG5S00 0.30300000 

0.80305030 O.COGOOOJu O.3C0C3C80 

“5.'5G303 330 0.3 03 38333 — D,t "000030““ 

_O.OOOOOCuO 8.0000-530 3.00-C0C-0 

0.00300003 0. 00000030 -.00000330 

“CVO 0003 033 ITrJDTOuTJOD T.TI 03333-3 


5. 30-33030 0.00000000 


J. OOQCOO-Q 


0.00303000 0.00003000 3.00300030 
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STANBARC BE WIA1 IONS AND COURcLATION COEFFICTEMS 


.10615795E+05 
•106C 3l2£c*05 
.11581057E+.5 
•.51937154E-32 
.5839<)3e2E-j2 
.564974194-02 


POSH TCK SUB-BLOCK 
E-vALS iSCPTJ 


1. 00300000 
.ca3d2sia 
. 30 13C941 
.18148805 
.32149370 
. 00817122 


•' .IC63?1E*G5 
. 1C5882E+C5 
• 1 05797E* 05 


E-VUS ISCFT) 


EIGENVECTORS 

" . 79573644 

• -.58592470 
-.15428328 

EIGENVECTORS 


l.ooouooao 

.OOCd8516 

.01887236 

.17002440 

.00366799 


l.OOOOCOGO 

•.00731296' 

.(0633076 

.15128016 


1.00000000 

-.00254692 

.01470016 


1.00000000 

.00635481 


1.00000020 


> E84649-0 
,60545669 
.06426461 


. 16174070 
• 0 28 326 01 
.58609041 


£ g 

Ist 

^03 


.S59887E-IJ? 
. 5841886-02 
• 5b373le.-02 


.99256136 
. 4 1479304 
-. 12084335 


.02562352 

.56210416 

.12186789 


.11608639 

.12454116 

.90516248 


S f ART SIATE 


.lC68977i82l4Et0r 
.1442526313476* CO 
• 42292 1 640 814E- 31 

;et mrt conibl 


■™V14'5576056 8456*03 ’ 
.1024221047662*01 
.40Co543B0134£-01 


392E73933375E-0r' 
•415C504C2810o-0l 
.9039 70457792 E* CO 


•‘233 362975723 E+07~ 
. 130 424388 194E* 06 
.366^923595236*05 


“.‘T3I066234'B745'FT6- 
. 2325352 14727E* 07 
. 3752606189306*05 


—349751769324 Cr*C5“ 
.3(376306o625E*05 
•220-916122676*07 


'-•1H2527C64658F+37 
-.32581 02665376*06 
-.347c52640552E»J6 


“ .■22d463555?226*06~“ 
-.1255565163626+07 
•691893753 0546+06 


•5i56C794CC34CE*Qc“ 
. 18507 1< 536566+05 
.5927610562786*06 


COtlTPOL HEIGHTS 

ACCF°C .10006+01 

'• CCNE "" .10006*01 

CLOCK .10006*01 
CUI CF F _.100GE+51 

TARGET HEIGHTS 

X .1-006*01 

„ . - v -~ . i0 ;c6*Cl" 

7 .10. 06*01 

uHtifi isfte v 6u iban^e Sa rsr* 


.31C451491957E+0IT 
.1501734546206+00 
• 934 1616 35 12 IE- 01 


.6426351451246-36 . 1103SS695622E-38 

f.U9*6Cl215i4t-06"V732789424044E-0€ 

.4271866290686-06 4 -. 429277148513E-07 
.1)58655148066*00 .6<962b561760t-ai 


.1571 86 700 14 7E-0 6 
•661392 175036E-07 - 
.1572379634696-05 
.6975987831736-01 
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7 P W ty. ' 1 


□ 

• ""V* •*»«***■«•'*»»»**«**■«■*«»**/** ***•*»*■»* »»«•«««« «•«•••« •***«•* «•••«**•**•*•*¥«•«•«'»** 


J0n NT). 

RUN CUE -8/30/74 



SCHECUlEO TRAJECTORY TIKE Sb7.000 0 DAYS 
STH"FrLE~TRAJECTCRr'TIHr 56T73CuC"0AYS 


""THRUST 


*» 


JULIAN OATE — 2444523. 65476GGS C0NTS3L PHASE — 6 RRIPARY BODY — SUN 

DATS EFCn LA'JNCH- 5b?.003CC3-C PRESENT S/C NASS- J 49 3.-4517362 KC EPHENERIS BODY — ENCtCE 

DAYS FRCK CUTCEF- 5.B£3C30flD “ FONEfi AVAILABLE-- 16.677it‘49S KM TARGET ‘BODY ENCKE 


S/C PEE AT I Vc STATES X 

SUN FCSTTTCH . 14 1955 70 II 564CE* 05 

VELOCITY -.2t«9661D763efl4t*C2 


Y Z NAGMTUCt 

•9E67G273018S53c*08 . 3C1576--.220 4B09C +06 .174-S„2EJ5c5e8S*C5 

.3fc298841875c93E*ai I32962d3 251794c* 01 .29l540337t,5Sa6E*02 


EARTH PC'ITICN 65464 3fc029US27E* C5 . 50750233 5334 78E* 48 . 3C15 76S2204809E* 08 - .’59C3452365602*E*-8 ' 

VELOCITY -.19209919644874E+C2 -. 245933 1945 3643E+02 -. 13296283 251 794c* 01 . 31235 J2692<.S92£*C2 

* ' 

" eNCICE ' PCSIT ICN “ -.5 85 1982270 3199E* C7 : 4. 5125172455 71 76E + D7- -.28962294595381E* 37 — ' .332852EC7211SCE»;7 

VELOCITY . 342292303/3464E*01 ..cS8 352332 8 SB U4C* 01 .i448U813c31459E*01 . 45c63595535285E*01 


"* S/C ACCELERATIONS - • - X y - Z HAGNITUCE 

PRIMARY BCCY -. 354646/16 7 8281 £- C5 24201 £176046 15t-05 -.75342b-5l23804c-a6 .43E9125225c24Ec-u5 

PcftTUREING 3CDIES 1 7 08 35ZS32 78 59E-10 -.10512255084064E-G9 -.59146242561655E-13 . 121823 132 21238E -C9 

THRUST"’ t •— -T55753040446a22E-ir7 ^64970 297804152c- 56 -.”91886732114227r-07 76583ec554B7341E-0e 

RADIATION FRcSGURE 0. 0. 0. 0. 


EFFECTIVE S/C PASS STANDARD DEVIATICNS (KG) 
CONTROL* _ ^ .6457 KNONLEGGc* 52.642£ 



RSS POSITION* • 137595786*03 KH 

ffSS VELOCITY ■ .78O11671E*0e H/S 




*?i«r : 
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PARAMETERS 


/■""N 


/■ 

| 




□ 


A~ 

I 


SI ATE PARAMETERS 

STANOAOO DEVIATIONS ANO CORRELATION COEFFICIENTS 

. — 3T[J DEV _- x — 



- x 

• 34 D65C2 CtO 2 

— 1.3500X330" 







T 

.68073425c*02 

-.81394355 

I.OuI-OCjO 






2 

.11462191c *.3 

-81-.17S54 

-.95555691 

1.00000000 




vr 

.3I75". Z 3 7E-TT3 

I 37073228 

-•33-03035 

• 339u 773u 

1« QQ30OCOO 



W lfA 

VY 

.37-/7274E-33 

-.25597453 

.45 784Z81 

-.45776822 

-.85143707 

1«JJGUCC5C 



V2 

.606NS26SL-33 

.27516471 

-.41478870 

.41472052 

.85895893 

-.598645-3 

t.oocooocc 





• 





* 

ACCPRC 


.19260718 " 

-"—.14 756884* 

• 14763823* 

• 86381476 

•a bfi35^6C T 

»68l0/t51 


CONE 


“.17218760 

.12583559 

-• 1258 7**B5 

-.62909630 

.62077170 

-.62308823 


CLOCK 


“.18273559 

. 09175895 

-.09186573 

-.82873668 

.57258896 

••5oo911<.5 

* 

‘ ' Ech X 


• *10564325 

'-. 30833537 

.09383724* 

•# C 066 2 cl 7 

a O 0 17658 D 

-• 0*lSouc4 


Eph t 


-.IJco35359 

.02511683 

-. 02912-60 

-• 0-397792 

-. 00132226 

.00275408 


£PH 2 


. 06243157 

-.06553678 

.06954218 

.ooar^j 

• .00271450 

-.006405.’ 


EPH VX" 


• 00 11L9C6 

.00041295 

• e 00041161 

-•0 0 164181 

a u 0 350336 

• • O 04523*9 


EPH VY 


-.90 360835 

.00505322 

-.00505273 

-.00238773 

.00472872 

-.00458541 


EPH V2 


. 00367985 

-.00537415 

.30937094 

. 00750313 

-.01559198 

.01534058 


PS 1 


.29609026 

-.01173729 

. 01192471 

-• 02a 78 565 

•00558661 

.00375619 


R - LON 1 


. 10333245 

- .1)6858779 

-. 368418 32" 

.01696079' 

••01312073 

• 4 c 2 7 4 1 1 x 


♦ Z-nT 1 


-.49276857 

.52591661 

-.52556314 

-.021714t9 

-•015^-025 

.-4298519 


PS Z 


• 1051 75 1 3 


. 34887715 

.001558-7 

• t *872338 

-.oc“Z7o:i 


LON 2 


" . 33685027 

.04673064 

• • *4871643 

-.02145719 

• • 0134 4723 

•.01902525 


Z-HT 2 


• 4956 1/65 

-.52«.85lo7 

. 32468914 

•02348044 

.-1777499 

-.04469542 


RS 2 


0. COJCOGQO 

0. OCOuOCCO 

0. 30000000 

o.oooaoooo 

0.03000000 

3* OQvQuQtiC 


EOHT* 


‘.S6642129 

305557188* 

-". 35548488* 

0TJ 1819799* 

-.111258039 

•HlS7J40b 


Z-HT 3 


C.0C00QQCG 

0.00000300 

0.90-00000 

u.OOOOOCCO 

a. ooooocss 

o.oaooocco 



h — 1 

O 

CT. 


SC-VE-FOR PARAMETERS 


STA.'iCAPC OEVIAUONS Alin COP.RELATICN CCEFFICIEMS 


STD DEV 

ACCPRO 
6PH VX 

CCNE 
EFH VY 

CLUCK 
EPH VZ 

EPH * 

EFH T 

EFH i 


recppc 

.6! 8 V 3 616 E- 3 Z 

1 *. uoooooira 







CCNE 

.10 6142 65 t -- 1 

-. 9166-762 

1 . 0 CC 0--30 






CLOCK 

. 136611 4 SE --1 

-.59085103 

.91771351 

la 0 C 0 0 Cot 





EPH X 

• 2 166553 It ♦ ! 4 

-.00037653 " 

~ . 0 C C 24410 * 

“ .03004825 • 

1 . 0030-000 ' 




EPH r 

• 18589513 E *04 

.00018755 

. 0 X 000939 

.- 00281-3 

.94775200 , 

1 . QC 3 Q 0 Q 3 C 



EFH 1 

. 1 1 36 12 32 E«j 4 

-.SQ 076458 

• 00027591 

-.00033499 

.51467210 

.84371650 

l.ooooo-sa 


EPH vx 

.98 094705 E -03 

— . 00^72745 

.00144431 

.101132 95 

.14329953 

. ceooueos 

.47508606 




A. 00600000 







EPH vv 

• 98587672 fc-ii 3 

. 0 CC 76 Z 22 

• • 0 C 132345 

-710155417 

• £16800 49 b 

• X 3 7 b© 43 8 

• (tbed^c/ 




.03336027 

1 .C 000 CU 00 






EPH VZ 

. 972 S 4322 E -03 

.00216751 

•• 0011234 © 

.1 0 - 46 C 17 

.33397563 

.03294323 

.15194688 

r - 



• 3 3534 48 3 

-.00557982 

1 .*008011 CCD 






s .-: • *».— -m-i*—'— ** 




i 



RS 1 


• 01227939 ’■ 

.1001.5102 

.00187168 " 

“• .00255337 

^•.30302951- 

-.00159538 




-.0u038507 

.00321.071 

. 0001.2553 





LON 1 


.00937310 

- • 0 0 9 0o976 

-• 03915027 

.00570203 

.30197365 

-.00676598 




• ■»: C G 0 Z77 2 $ 

' '-.ccoi'.oia” 

" .30032227 





Z-HT 1 


.u0689i38 

-•Qu295S79 

.00139106 

-.00365275 

.02162783 

-.55159191 




“ .40110 25 1 

.00101.237 

.30073927 





«s t 


-.11121115 

" . 00032192 

-.0311721.5 

.00582229 

•• 00263412"“ 

' .30976675 




.00016366 

-. 030061.36 

-• 00023939 





LON 2 


. 10336719 

-.00367799 

-.01902000 

.05013906 

.10185792 

-.0065olc6 




• 30OtiJ4>Jj 

-.00512528 

. 3002091. <r~ 





Z-HT 2 


-• 0 J6ooJ,31 

.00292387 

-.03161662 

.00366993 

-.02183917 

.05161520 




.00111.577 

-.00101.915 

-.10081213 





P5 3 


C« iJOUOOQOu 

3.00000513 

U-CluCOOwJ 

C« 03D Qo GOO 

O.GOOCCCi L 

T.bOCOCCkO 




O.OOSCSC'OC 

OrOQOuOuJO 

O.ilCOQCCOS 





LCN 3 


.00366642 

•»iC J 66 76 2 

-.03387013 

.00339605 

.00181972 

-.50703267 




-.00002008 

-.00008112 ' 

• 50025662 





Z-HT 3 


0.00000000 

0. OOuOauOO 

0.03000500 

0.05050500 

0.00305G05 

0. 5 0005560 


'r ■ ■ ■ ‘ 

• 

O.OCOoOOOu 

0.00000300. 

0.35090050 






S/C UNCERTAINTY RELATIVE TO EPHEHER1S BOOK 



STANOARC DEVIATIONS AhO COP.RELATIGN COEFFICIENTS 


5T0 Uctf 

X Y 

Z 

17 X 

VV 

VZ 


■ r X ' 

V 

z 

•21fcG6Z89fc*19 
• 10981892c ♦ - 9 
.11339320Et54 
.10 31 571 GE-02 
.105165332-32 
.1139269-3E-32 

1.03300000 ‘ _ 

.99822302 l.OCCOOOuO 

.91633311 .89750251 1, 

OOOOOOfcO 
08126816 ~ 
09179655 
15956892 





vx 

• ♦ vv 
. vz 

.13623128 .572/1330 . 

.06151733 .13519159 

.03229987 .01897911 

i.ooaoucoo 

-.06317827 

.16953070 

1. OGOOOGCO 
-.18559006 

1. OOJOOSCC 


POSITION SL'9-eL0C!< 







E-VALS 

ISCRT1 

EIGENVECTORS 







• 2C2531E*'09 
.396879E*03 
• 5571OOE+03 

./ld6liZ5b .61292959 .39596625 

-.65281990 .39120250 .69868639 

.26299393 -.68699689 .67811888 




‘ 

E-VALS 

(SCFTI 

EIGENVECTORS 


• 





7X5177 SE^Tz 
.5589812-03 
. 123895E-52 

.fcSflw5553 .71536566 .07552/26 
.60158788 .50596505 .61989266 
.90178085 -.97215279 .78962575 








jobw; 

RUN UATE 06/30/ 74 


SCHEClLED TRAJECTORY TIME 576.0000 OATS 
"STH FILE TRAJECTORY TIME -570.0000 GAYS" 


KASLREHEtiT CCOE = 4123 

3 SIAR-PLANETANGlES 


PEASUREHENT HUH STARS' 3 2 ~ 1~ 


S/C CECL INAT ION = ,5b. 9568 CEG. 


S/C LCKGITUDE 


21.2515 OEG. 



JULIAN CATE — 2444526.6547EOOO 
DAYS FRCP LAUNCH- 57 u. C OOCOOC C 
CAYS FRCP CUTCFF- C.COCLjOGC 


* CONTFCL FHASE * -- 7 

PRESENT S/C PASS- 1486.88205628 
FCMEfi AVAILAELE— 1?.57p95163 


PRINARY~BODY SUN" 

EPHEMERiS BODY — ENCK2 
TARGET BODY -- ENC<E 


S/C relative states 

SUN POSITION 

VELOCITY T 


.1 54T2tea6SeSC4fc.CS 
-.25S6157G61<3346C»C2 


.977254024339836*06 

.29556322518?17E*01 


.297<3.>Ci?cy4459E*Ca 
. 1564244 BS52330E* 01 


h&GM TCCE 

• lcc7cLS6 o 03Ci£i*ClS 
,3C;i.83L66863fciS»22 


E-RTH POSITION 
. . VELOCITY" 


.4S924233755846E*g7 

;I88I9d71212259£*C2- 


•443S45E5Q32 r 8CE*C6 
-. 247532954731 82E*0Z" 


.25783037b54459b*08 
*215642 44885Z83CE*D1“ 


.b2c5o9c2733873E*0« 

“.3313AA2E6533S7EA05 - 


ENCKE FCSITICN 
— - ''—VELOCITY* 


•503157123GS555E+07 
.3 2 1578 8 A 22 37426*01 


-.‘<‘•£36709058* 83E*07 
• 25197705 4471 85E* 01" 


■•252592586281996*07 
-.140 884569090915*01- 


.71f4B3121Z59i8E*G7 
14 3215 S393S94Z5E *OT" 


S/C ACCELERATIONS 

— FPI«*ARY 5CCY "~ 

PERTUREING EOCIES 
IHMJST 

RADIATXCHTPRE SSURE 


"-3*37u38Z868 0 4Z67t-05" 
-• 36895E65213565E-11 
-.4SE64697C92581E-C6 


26982 0827 91724 E- 05" 
~. 12232523313180 E- 09 
-. 54aU 7 8253456295- 07 


-".3 2231Z6922E497E-B6" 

-./778403U272292E-10 

-.122210289139145-06 


MAGNITUDE 

7465968687352535-25" 

.l45E13635677Cos-ai 

.5143867S5oJ8/li-Ie 


KNOWLEDGE COVARIANCE BEFOfit I HE MEASUREMENT AT 


570.00000 OAYS 


R5S POSITION * 
RSS VELOCITY = 


.11569008£*03 KM 
■ 36 52814 15 + 3 C P/S 


PARAMETERS 


STANDARD DEVIATIONS AND CORRELATION COEFFICIENTS 
STD OEV ' ' ’ X ” 


- X — 

r 

2 

~~.346ii336E.5Z 

.591740632*02 

.93191633E*02 

"1.0300C100 * 

-.86444157 

.87976630 

l.OCOOOCOO 

-.95950921 

1.00000000 




‘ 


. 2257533 82-03 

.28537631 

-.18643022 


“1.00303030 




VY 

• 15374511E-9 3 

-.25899775 

.35601015 

-.35276746 

-.52269483 

l.COOOvGUO 



vz 

.262565592-03 

.21923315 

-.25788357 

.25769636 

.64081166 

-.98299512 

1.000000(0 



i. *» c 




ORIGINAL PA' 

OEfOORgOA 


TV* 


EPH VX 


.92772638E-03 


.Ov.J140 75 

9:0000 


-.00105749 


- . 9 3063711 


.24192476 


.14374680 


.14072652 


JfCCPCf 


-.05656053 

‘-.00523426 

• ft J 130066 

-.35901352 

. 33995375 

38951255 



COPE 


.06515052 

-.04764553 

.'.4910/69 

.42925455 

-.50694624 

.54265450 



CLOCK 


.07787766 

-.01968211 

.(12346048 

.43561747 

-.41252281 

.46085670 



" EPH X 


. 006761 19 " 

'-. 00603726 

• J0E1 3160 

'-.C00527E9 

• 0 0169555 

- « 00cl8695 



EPH V 


-.02722935 

.Q269<:089 

-..2904603 

-.00361031 

-.00166431 

.00436713 



EPH 2 


. C55236c7 

•* 0£c47934 

.1 6655828 

.CC184274 

.00446997 

-. 01090463 



EPH vy 


.00436758 “ 

-. 0C413051 

•l0417955 

•• 0005655# 

..0224197 

-. 00257487 



E°H 4» 


-.00622454 

.01001565 

-.00958347 

-.00557141 

.01358889 

-.01258351 



EPM 42 


.00562036 

-.00929294 

. 10913683 

.01149051 

-.02988927 

...2879376 



PS 1 


.22504829 

-.00922637 

• C2298843 

-.03134601 

.00086353 ' 

• C13<**«hc<» 



“ LCfi 1 


.15110624 

* .06254711 

“ -.04572037“' 

‘ .02751323 

-.02373785 

.05172721 



Z-HT 1 


-.53176172 

.57178111 

-.57377517 

-.u069351'8. 

- • G6195u.il 

. 11535642 



°S £ 

: .4 

.10643010 

-.0405/557 

. .04500944 

-.00263542 

.027695^7 

-. 32432022 


• 

LCN 2 ' “ 


.05518342 

' .035238a4 

-.03116182 - 

• G3Z1Q626 

-.02341961 

• 2698 c9 



Z-HT 2 


.52355861 

-.57091977 

.57323463 

.61361921 

.06173490 

-.11376927 



PS 3 


0.00600000 

O.OCCOOOOO 

0.000000.0 

U.COOOOGOu 

0.00000000 

O.OCOuJC.O 



LOP 2 


•.11666352 

• G4 £.21426 

-.03831261 

.'02824081“ 

•o 02232353 

• 0^72610 



Z-MT 3 


0.30000000 

o.ocoooooa 

0.00003000 

0.00000000 

U. 00000900 

0 • 0 00 QwCtiO 



SOLVE- 

FOR PARAMETERS 









STakoaro deviations Aur. cqrkElatich 

COEFF1CICMS 








- - 

• sro oev — 

" 6CCPRO 

CONE 

CLOCK 

"" EPH X “ 

EPH Y 

“ EPH ~Z 


— ' — 

* 


EFH VX 

fPH VY 

EPH VZ 






ACCPPO 

V23823819E=IZ 

T.uOJCOOflO' 








COPE 

.316052906-02 

-.97711461 

l.OOCOu-OO 







CLOCK 

.791bZCS8c-„2 

-.59353051 

.56887315 

1.03000030 






EFH X 

.21 8578 1 3£r 34 

• ?0u356£l 

0 1 C9034Q 

• • CQ062861 

1.00300000 





EPH Y 

• 19256/(55E*Q4 

-. 00035856 

. 00139423 

.00075469 

.96325775 

1.00000009 




EPH 2 

. Ho£6l96c*04 

..C0037141 

-.00316747 

-.03152443 

.93007769 

.89491119 

1.-3C9GOCCO 


teJS 


fpn~ gr — 

. 94 2478 2ZZ-T3 

. OG. 318 33 - 

-.00276367“ 

3131223““ 

" • 14429147 

2256421 97 

IT 2789315 

sag: 



.13650526 

1.CC030C00 





™ ri 

EPH VZ 

•855C1276E-03 

-. 003245JC 

•007Z5710 

.03368949 

.08250055 

.07334051 

.28.67413 

''fi yrt 



“. 12219586““ 

— • C 3264537 

l • JOCOOCuC 




a +» 

— PS 1“‘ 



. 00193134 

•01474638 

. 0,1555217 

.0018654T 

-.00289174 

“ -.D0094E..5 




-.001/0467 

.00196524 

.90158782 




9b 

LON 1 


• Qg 1661 31 

-.90427175 

-.00143550 

.00977088 

.00133553 

-. 00736823 



“-.0U0C5187 

• *0 0 08 3847* 

• IJ 0 1 83622 





Z-HT i 


-. 00397252 

.03112 J54 

.01402587 

-.00495304 

.02113717 

-.04862452 

. 




.00153798 

.00522728 





PS Z 


.00005705 

~ • L G 98 Q fill 

- .00417380 

• GCQ93372 

-.00234980 

. 00397504 




.03043478 

.09012795 

-.00115608 





LON 2 


.00106145 

-.00655576 

-.0.1228415 

.00037760 

.00122781 

-.00491081 




•QGL4G33Z 

• • C QlUfcb 03 

* *«Q 1 27663 





Z-HT 2 


-.00353920 

-.02752516 

-.3P994500 

.00495925 

-.021131*4 

.048625(6 




.00372058 

-.CL1S3640 

-.90539980 


33.00900000 “ 



. "HSI 


8 • GOOOwOOG 

G • 0 0 CO J COO 

0 • U CO 0 0 0 0 0 

7«~Q0!) 03 COB 

3 • GQ0 00 Cm 0 



•• ■ . h 

3,90600390 

s.cooacuao 

(.! 0000000 





LON I 


.00127080 

-.00514566 

-.0(176194 

.00054402 

.00121422 

-.00581659 




.00016505 

-.00990213“ 

‘ .10147451“ 





Z-HT J 


0. 00309J9G 

0.0(000009 

3.00000000 

0.00000C09 

0.09000090 

3. 00900000 




0.00000900 

o.acooouoo 

o.uoooooo 
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S/C UNCERTAINTY relative to ephehepis body 


STANOARC OEVIAIIGNS AND CORRELATION COEFFICIENTS 
‘ STD DEV : X V 


vx — 


VY 


V? 


X 

T 

Z 

VX 

VT 

VZ 


*12 1 *582 0 EE-FO 4 " 
.1925wF80c*C4 
.U342J49EV54 
.9549237 7E-uT 
•95287179E-03 
•92u52975E-03 


’ IT00003000 ' 
.95383910 
.93171725 
.23615573 
. 1419085E 
.38161709 


l.OCOOaOOO 

•89907755 

.13862583 

.25545894 

.06837518 


1. OQOCOOuO 
.14000719 
.12217610 
.28119145 


1.00080000 — 

•11193592 1.00000000 

•lC2??*82 -.«3636580 1.0C3000CC 


POSITION SU0-3L0CV 
C-VALS TSCFTI 

".3B75Z7EACV 

• 2 356 12F* 0 3 

• 4475 31E» 03 

e-VALS ISCRT) 


;iC2727E-02‘ 

.5S7946E-03 

•833236E-03 

oeSEPVATICN MATRIX 


tIGENVECTOPS 

.7C61B9E7 

-.66676108 

.23217182 

EIGENVECTORS 


— ; 77251 4 34' 
1 0**55756 
-.62694623 


.61670178 
• h14*.9758 
-.66553464 


.43338535 

.80812225 

.39889293 


.34781479 

.61969943 

.70256062 


.46494193 

-.57966037 

.66919568 


X 

- r ■■ 
z 
vx 
“VY 
V7 


-.943H1973c-07 
. 55 962672 8£- 07 ' 
.8366973192-07 

C. 

8. 


-.9S186S6J5E-07 
. 886687274E-07 ' 
•4Q8864900E-07 

0 . 

c! 


.9556791876-09 
' -.693938479E 07' 
.1206454536 -06 
0. * 

~o; — 

0. 


ACCPPC 
CONE 
' CLOCK ” 
EPH * 
EPH Y 
• EPH 7 
EPH VX 
EPH VY 
"EPH VZ' 


0. 

0. 

'B.' 


0. 

0. 

~o.' 


.9-.3111973E-07 .9S16E5E39E-07 

-,5e9o26728t-07 -.8866872746-07 

-i 8366973192-87 -. 4088649CCE-07" 

-0. -0. 

-0. -0. * 

--s: 4 o ; — — 


o. 

o. 

nr - — 

-.555679187E-09 
. 6639384756-07 
120645453E- 86 - 

- 0 . 

- 0 . 

__ 0; _ — 


PS 1 ” 
lon 1 

Z-HT 1 

— PS~-T 

LON 2 
Z-HT 2 

- p$ *r 

LON 3 
Z-HT 3 


”C.~ 

0. 

0. 

~ir.~ 

o. 

o. 


'0.' 

0. 

0. 

T7 

0. 

c. 

' 0 .“ 

0. 

0. 


or 

o. 

o. 

o. 

o. 

~o.~ 

0. 

0. 


~or 

o. 

o. 


NEAS NOISE 
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,,>in84 (k 


•225619371824E-97 

0 . ■ 

"C.~ — 


o. 

•225019371823E-07 

” 87 ' 


0. 

0. 

• 22 SO 193 7 1823 £-87* 


♦ — H*P*HT IT* 


.Z46S6ei83175E-fl7 
' •235457818416E-i8 
•6314843919G9E-Q9 


.205457818416E-38 
3249537783555E-07 
-• 772536053018E-09 


•6314844519Q9E-QS 
■•772E28353016E-05~ 
. 2620 15 33 26 38 E- 37 


CAIN MTfllJT" 



. : i: 

T 

-.71175j675E*u3 

•65260i:45E*34 

-.lE0571€u6t*06 

•274138193e*04 

. 22134 01 T;E* 84 
-.5 30 84 19 456*04 



50 

• 

VI 
vy : 

-•109174B21c*C4 

-.224662746E-S2 

*.33776596lt-02 

-•43S124496E+C4 
-. 110139540E-O1 
. 105812/41E-01 

• 827b20R7£iE4 0*» 

.*23JS41V3E-01 

-• 364256 jb2t-0 1 • 1 

T3 • - • ~ - 

tt 

v7 

• *i69667‘t3 < »t.-D2 

-• 16535087 Gc-01 

• 5535S997EE-01 j 

3 RJ 

* 

ACCPRC 

CORE 

CLOCK 

EPH X 

EPH Y 
EPH Z 

“ * •Z32237943C-31 

-.3671X1939E-Q2 
-.621222016E-01 
.676530301EYC6' 
-. 5463234742*04 
*•21226 386 4£ *06 

.265511095E-01 

-.67H940«2uE-01 

-.141792612E*00 

»7353£225?E*06 

-.241872?24E*0o 
•8624J2138E+C5 
' • 7356 3233 CE *08 

-.64426u5l€£*0fl 
-.25fc663S17E*CJ 

i 

-.573986237E-02 ~ " ' 

•1646810866*60 
• 1979C2056E*00 

3&_ _ 

•• 


, 

-•6B773CI07E*G5 

.6.92C960fcE*06 

-.75ol5692CE*06 



EPH VX 
EPH VY 
EPH V2 

•b9fc7544jlfc*ou 

-.401964538E»£C 

-.&C5777909E*08 

* • 1454745Q6E-01 
*975704l66E*G0 
-.S74197742E*».0 



KNOMLEOCE 

CCVARIANCE AFTER THE 

PEASUREHENT AT 

11567480£*83 KH 
36508405E*OC H/S. 

570.00008 DAYS 
8 



• 

8SS POSITION - . 

RSS VELOCITY * 





51 ATE ** 


PARAMETERS ~ 


-5TATOAWrBEVTrTI0H5 AWJT CORRELATION COEFFICIENTS 



STO OEV 

X 

Y 

2 

VX 

VY 

VZ 



' » 

.346082522*02 

1.003000.30 








V 

• 59 16593 5E ♦’37 

•*Q&^^£i25 

l* JuOOvOvQ 







z 

.9117896 g£ *0 2 

.879/4846 

-.95550510 

I.OOUOJUUO 






V* 

.225/165 16 -2 3 

• 2652141:6 

-.18618678 

. 19382548 

1.00000C30 





VY 

. 15 36200 IE* j 1 “ — 

_ -.25875531 

■ .35573557 ' 

-.35246465 ™ 

"-.52249902 — 

T. 0003 0000 ~ 

— - - ,..*• 



■ ■■ V7 

.24X361 86E-Q 3 

.21855659 

-•2> 749 182 

.25710894 

.64071870 

-.98296947 

1.00303000 



ACCPPC 


05856241 

-.00525767 

.08132375 

» 

-.35905616 

.34020112 

-.36S775C5 


• 

CCr»£ 


.u(j5C4381 

-• 0 V 75 3 *3 6 8 

' «04B9o7^2 

.42917831 

••307016tjfl 

'. 54273P58 — 



CLOCK 


.•7781626 

-.01560079 

.3234/997 

.435o03ll 

-.41267831 

.46103268 



EPH X 


. 00746125 

-.00664/92 

.00675132 

.00308512 

. 3310*6 2x 

-.30153510 


* 

tpht - 


-.02797065 

•02588127 

* • 030000^1 

*.tQ!609ul 

•D 005633© 

•U£22»>0<io 



EPH 2 


.06385215 

-.06667612 

.06873611 

.00375472 

-.00017024 

-.03649114 



EPH VX 


.08592542 

••Q6E«#8C6S 

00555210 

.00073864 

.00110493 

-.00140665 

• 

* 

"17FTI 


•• 31055319 

• 01263119 

-.0125984'S 

•* 00630962 

• Ci872B92 

— -.31758214 



EPH VI 


.80688608 

-.81158309 

.01138X21 

.01410566 

-.03745411 

.03603141 






wi tn» wtr »«Tir ftiitav 






uiawtr/: 




111 




ft** 



•229u7830 
.151x9199 
-.53182350 
.10645000 
.09510420 
— .53363104 
O.OOOOxOQO 
.11664767 
0.00000030 


-.00923393 

.U6259355 

.57190614 

-.04059767 

.03927596 

'-.57104528" 

0.000003x0 

.04825568 

0.00400000' 


.022996x9 
-.04976464 
-.57389864 
.04903188 
-.03120186 
“ .57335860 
0.00000030 
-.03635255 

'0.0000x000' 


-.03134505 
.32 74 7610 
-.00699312 
-.00261753 
.03237209 
"Y01387493 
0.00x30000 
.02820704 
'3.00000000' 


. 00066766 
-«u23b3308 
-.06184261 
.02767161 
-.02335145 
~ .06162517' 
0.30300003 
-.02225441 
' 8.00000000 


.31345223 
.05167251 
' .11029256 
— • 0 24294 61 
.0426x675 
—-.11370275- 
3. 003x6000 
.04467773 
■ IT. 0 00x3000- 


sciVE-foa 


PARAMETERS' 


STANOIPC DEVIATIONS AND CORRELATION COEFFICIENTS 



STD CtV 

ACCPRO 

Cone . 

CLOCK 

EPH X 

EPH V 

EPH Z 

• 



cFh VX 

EFH VV 

EPH VZ 





ACCPNC 

. 2 2 823 74 7E- J2 

1.0006x300 







CSr.E 

.31E0.T973E-x2 

-.97714840 

I.OGlQuwGO 

— 

... 

V - 



— — 

CLOCK 

.791oC992t- 02 

-.55353822 

• 56 688277 

1.00000000 




‘ 

EPH X 

.21 795969£«‘j4 

.30817319 

-.00065879 

-.00038001 

1.00000000 




EPH V 

.192H9049E*34 

-•G 033*026 

• 0 C 088526 

• 00052445 

.96892770 

I. 000x3000 



EPH 2 

. 1 1266C 68 c.* 34 

• C0335416 

-.00218536 

— .03107U46 

.93956298 

.90881282 

1.C0CC3CC4 


EPH VX 

' " .91Z72512E-3 3 ' 

— ' -. 00329985 

-. 0C 056x31 

-.00008422 

.23269944 

.14930036 — 

14586115 ' ' 

* _ 



1.03000333 







EPH WT 

.929455826-33 

.00038x50 

-.40406765 

-.03216916 

.15718103 

.25263589 

.141x6273 




.16473021 

l.CCUuuGOO 






EPH tfZ 

.67 4346 B3E-X 3 

-.00305441 

.0gS7b2J4 

.00422589 

.09214382 

.08346044 

.26574654 




.15750653 

• C 0202783 

1.00000000 





PS 1 


.60192747 

.01475058 

.00555587 

.00174829 

-.00263807 

-.00089675 




• • 0 0233256 

.00126340 

‘ ' .08187279' 


X— - — 


C o 

LON 1 


.30 166286 

••uQ*a<53‘97 

QGi44bJ4 

.00080414 

. 0012 x 602 

-.00713887 




-.30G30188 

-.00113217 

• 0*2 3u 163. 




*n ^ 

Z-HT 1 

■ , 

- • QG39?ti 16 

• 02 1 G 5553 

• G 14 0163ft 

-. C0516C95 

.32096084' 

"-.04 841572 

ZST M 



-.03426133 

.00148296 

.00659973 




o to 

PS 2 


.30005732 

-.00679675 

-.034169x6 

.0009x403 

-.00229350 

.06386127 




• CtG 4? 2 4 £ 

. Q x J2 c813 

-.00142713 



■ . 

Pj ir: 

LON 2 


• CC1C239S 

- . X 0 662 0 03 

-.00229498 

.0004x952 

.40110810 

-.00x73545 




.00053298 

-.00138582 

•0olui4G 3 




S t-M 

Z-HT"? 


- .00452500 

••02745551 

-.03993534 ‘ 

' •’ .0051700s 

-.02097308 ■ 

.04840555 

' KThT — 



.00430324 

-.00148x90 

-.00668949 




it ^ 

RS 3 


w • C G C 0 0 0 3 c 

o.oococcco 

o.oocooooo 

0.00400000 

O.OOOOOOJO 

O.OOSCOCC3 

t s 


ir ■ 

0.03003333 

0 . 0 x 000000 ' 

u«QGUUuU44 




— S-e 

LON 3 


.x-127271 

-.00516655 

-.00177220 

.00358510 

• 00109615 

-.00561047 

he h* 



.03025157 

-.00119273 

.00165951 




■!s 55 

Z-HT 3 


O.GOJuuO-Q 

U«u 20 udwuG 

S.T3C003000 

O* 4 QUUU liUi 

07000000x0 

"0700000000 — 




0.00090000 

3.80000000 

0.00000030 


V 



*/C UPCfct* I AI H 1 Y RELATIVE TO EPHEHcRlS BOOT 






* 

ftlANUAKV L 








. . . ' ' . - ; 

STO OEV 

X 

V 

z 

VX 

VY 

VZ 



r-tri. .£mk*m*ww; 


i •; kxskbb 








112 






L. J 




TirNIT. 

RUN OAIE 08/30/74 


SCHEDULED TRAJECTORY TIME 570.0000 OAYS 
"5TK FILE TRAJECTORY TTME "570. OOOC CAYS 


GUIDANCE" " 


JULIAN CATE — 2444526. 6547 EO 0 0 
OATS FPCM LAUNCH- 573. -OwOOOOO 
DAYS FRCK CUTCFF- C.OOKCIOO 

S/C RELATIVE STATES 


SUN 

EARTH 

ENCKE 


PCSITtCN 

Velocity 

PCSITICN 

VELOCITY 

pcsrricN 

VELOCITY 


CONTROL PHASE -- 7 

PRESENT S/C MASS'* 1486.88/05628 KG 
'POWER AVAILABLE-- " 17.5?595l6I“KW 


PRIMARY BODY — SLN 
EPHEMERIS SOOY — ENCKE 
TARGET - BODY --ENCKE"" 


• .i343Z8E8698504t*i)g 
-.2gg61S/C610I46t.*02 

' -.4992M223755846t*07 
1861967121225 9£* 02 

"—•5031571Z30 55556*07 
»J2t578H4220742E*01 


■’ .977254024339802*08' 
•29556322518217b*01 

.442545650225806*06 
-. 247532554730 82£*62 


"-.4 46367090605832*07" 
.251977054471856*01 


_ . 297 8 30 37 65 4459 E* 08" 
-.1564Z448852830E+01 

‘ .29783037 654459C* 08 
-.156424 48o52830E*01 


"-. 25259256b28199E*07" 
.140 8 84 96 9090916*01 


MAGNITUCF 

"-.'1687E4S690o31EE*t9" 

.33143ji6b86360E*C2 

.53t5S9J2735873£*3e 
• 3113442boS8867E* 02 

.718480121299186*07 
« 42 c 150 2930 64 25 c.*01 


S/C ACCELERATIONS 
PRIMARY eC3Y 
PEftTUKEING bocies 
THRUST " 

RADIATION PRESSURE 


- . 3708828680 4267E-U5 
38895Eb52l3966£-ll 
- .45664 697092981E- 06' 


-.Zf,9a2C8279l724£-05 
-• 1 223252331 31806- 09 
54207 E 2534 5EH9E-07' 

e. 


-. 8 223126922 t497E- Ob 
-.77784060 27 2292 E- 10 
12221 028910914E-06 

0. 


HAGKITtTJt 

.4659bflb878526Jc-C5 
. 145013 £35677u 66-09 
.514326 7996387IE-0E 


EFFECTIVE S/C MASS STAnOARJ UtVIATICNS IKG) 



Y 

z 

V*~ 

VY 

vz 


“.34€u825ZE*J2‘ 
.59 165935E*32 
.931789666*02 

-. 22 57165 ir-vr 

• 153620C3E-03 
.242361966-04 


“110000003 0" 
-.86442125 
.87974046 
"“.78 52 13 EE" 
-.25675531 
• 21 8 9565 4 


1.03000000 
-.99950910 
""-118613675" 
.35570557 
-.25 749182 


1.00003000 
’ 1 1938Z548'" 
-. 3524£sb5 
.25/108 99 


"i.aonooooTr 

-.52249902 

.64071870 


1.00001300 
-.9829b94 7 


l.eoccooeo 







’Ndiii*''' 


□ 


a ACCPFC * 

1 CONE 

CLOCK 



-.05656241 

• 0c50 4 3 81 
.07/81638 

-. 0C525/67 
-.04753-68 
— • 0 l*6a 0 79 
-.00664792 
.32588127 
-.06867612 
' -.00548065 

.01263119 
-.0115d3u9 

C0132375 

.04896742 

.6233/597 

” -.39305616 
.-2917801 
.43569-1 & 

.C9C08E12 

-.001609.1 

.003754/2 

.00073664 

-.00830582 

.01410566 

~ .34020112 

-.5079160 a 
-.41267831 

-.389775E5 

.54273698 

.46103386 


EPH X — 
EPH y 
EPH Z 



" .CG745135 
-.02797069 
.00085215 

•006751.2 
— .03000041 
.06676611 
.00555210 
-.012598N5 
.01138121 

.90104822 

.30956336 

-.99017024 

—• 9015-510 
• 00323046 
-.00049114 


EPH VX ~ 

eph vy 

EPH VZ 



.CO-592542 

-.0105L319 

.00688808 

.09110493 

.01872892 

-.03745411 

-.00149805 

-.41758314 

.03633141 


AS 1 



. 2290783m 

-. 0C923393 

.02299609 

-.03134505 

•0038o766 

.31345223 


LCN 1 



. 15169199' 

.06259355 

• 04976464 

• Q2747bl 0 

•• Q 23630C8 

• 05167251 


Z-NT I 



-.53183350 

.57193614 

-.57389864 

-.00699312 

-.06184281 

.11529256 


PS 2 



.10645360 

-.040597o7 

.04503186 

-.00261753 

.62767141 

-•32429-el 


s LCN 2 



"'. 09516420' 

.0392/998" 

-.03120186' 

.03207209 

•■023 

• {K2t>J*c75 


: Z-HT 2 



. 53363104 

-.57104526 

.57335860 

.01387493 

.96102517 

-.113702/5 


i RS 3 



O.GOQQUOOO 

0.00003000 

O.OOCOOUOd 

G. 00090000 

0. 00003900 

0.90000000 


LON 2 ' 

*** 


.11664767 

*'■ ' .On 625588 

-.03835255 

•0 2823704 

-.0 2225441 

• U<«Iao7 7/3 

. T 

f Z-HT 3 


, 

0.00000000 

o.ooosocoo- 

O.lOaOOQOO 

0.00390030 

0.00903000 

0. 00300009 



SCLVE-FOR 


PARAMETERS 


stanoarc DEVIATIONS and correlation coefficients 

— * s nr tjev”' ‘ 



.Z3S23747E-02 
• 31*..397 1 l£-02 
.7916C992E-32 
.2175S953E*u4 ' 
.19229G-9EF04 
•11286068fc»Q4 

•912/Z512E-0 4 

. 9 Z 9455 d 2 r- 33 " 

.67434CS3e-:S 


“-"ACCPKO ~ 
EPH VX 

1* 0000-3-0 
-.67714840 

— • SEA 5 Ad 2 2 
— . 00017315 ' 

-.S083U02E 

.00065416 

-.00029985 
l.OGOGOOQO 
~ .00036050 * 
.16473821 

- • 6 u g 0 54 91 

• I5750o5 3 * 


— CCNE' - 
EFH VV 


l.OCCDOCuO 

.g(easz/7 

'-. 0 , 00650/9 

•00080526 

-.00218536 

-.00056031 

-.00 406765 ~ 
1 . GOOOu.OO 
. 006/6234 
" .00232763 


"EPH">f- 


CLOCK 
EPH VZ 


1.00000300 
-. 1003B001 
.10052445 
10107C-6 

-. 10008422 

'-710216916' 


.10422589 .09214382 .C8i-o044 

1.03030030 ' 


"1.00300000 

.56692770 

.53956298 

.23269944 

""715716103" 


-Epmr 


1.00000000 

.90881282 


"EFJTT" 



BS 

*1 — 



"V C0192747 

" .01475058 " 

.10555587 

'".00174829" 

00 2838C7 

~-TDB089675 





-. C0203256 

.00126J49 

.00167279 




LON 

i 



• 00166268 

-.00429347 

-.19144634 

.0006341- 

.00120602 

-.0071-887 


• *' 



. • - — — « — — ' 

-.00303139 ' 

-.00113217 

.00230161 




Z-HT 

i 



-.00097316 

.03109443 

.U401o36 

-. 00516055 

.02098064 

-.54841572 





- . £6 13 G 

• 0 Cl 4 8 296 

.0-65997 3 




“**• — PS 

z~ 




'■.03005732 

-.00579875 

— • L G U 1 c 9 4 6 

“'". 00394493 

-.30229353 

. 03384127 ■' - 





.00-4/248 

• 0 u jZctilZ 

-.00142713 




LCN 

2 



. CC1C2965 

-• 09 662.33 

— • f 4 22 64 98 

.00343952 

.OwllCSlQ 

00470545 




... ~ : ™-- . 

.90053298 

~-«C*f 134582 

. 00162403 




Z-HT 

2 



-,3a352509 

— . 02 744551 

-.00993*34 

.90517004 

, -.02097338 

.04840555 





.09420324 

-.03148490 

-.00666949 

— o.ooooaoor 



* RS' 

3 



' 0.00000300 

0. OCOOC Cu0 

0#CilPOOGtfQ 

0. CC uOQuUO 

X) • G Q30GC2G 





0 .00000090 

0.00900-39 

6.00003090 




LCN 

•3. • 



. 0 0 l’e 7 2 7 1 

-.aoricsbs 

- • t 0177220 

.00058510 

• 0-149616 

-.90561047 

1 - . „.i ..... .1 HI- 

«-« — 


' - • 

' .C30251«r~" 

-. CC11627- 

• 0Qltt595l 




Z-HT 

3 



0.00000300 

0.00000030 

C • £ OQ 0 COOS 

3.00390900 

0.00009000 

0.33300690 





0.09003000 

0.00806930 

8.03093000 





□ 


s/C UNCEfTTAINTV relative to EPHEHERIS 80 ct 


T^Strtl-'A 







Ul 


iORIGMAU PAGE 


...IJMM DEVIATIONS ANO CORRELATION COEFFICIENTS 





STC OEV 

X 

... y 

: - 7 . 

VX 


.217361C8E04 

l.QOOGGOCO 



- _~~ 

V 

.1922047JE«04 

.96957913 

l.occoucao 



2 

•ll26S456e»34 

.94134161 

.91534295 

1.00CC0US0 


VX"' • 

“".940C5853E-53 

.22710133 

' .14419637 

.14444351 

'■"l.OOJOOCOO — 

VX 

.939222496-5 J 

.15486694 

.25160663 

.13659926 

.13956417 

VI 

• 6986551 3E*u 3 

.09087545 

.07682844 

.26566155 

.16731137 


VY - 


1.0C00009Q 

-.03074761 


mmo S UB-BLOCK 

E-VALS C 3 CRTI EIGENVECTORS 


~ . 10738 aEvD4"~ .70522544 .61746553 "~.34638011~ 

• 307713E* 0 3 -.67382764 *42213694 .60975057 

•A11952E*03 .22945013 -.66371462 .71192363 


E-VALS tSCRTI EIGENVECTORS 

~ , 1C2626E-02 ~ .75526045 . 48 029324 ".43913776 " — 

.537761E-03 -.14494705 .76263412 -.6053/111 

. 600745E-03 , -.6 3443965 .3959 6262 .663840 23 

CONTROL CCVARIAKCF AT NANEOVCK EXECUTION TINE 570.0000 DAYS 

PSS^POSrTIC‘I~5 V65917il5E*0 J~Tffl — 

RSS VELOCITY * . 19754e03E*Ql N/S 


jgAMHtfc, 



1 . 00 C 03 CC 0 


state - • 


PARAMETERS' ' 


“STANCARnJTVrATIONS ANOCORRECATrCir~COFFFICIENTS~ 
. STC Of V X 


VX 


VY 


V 2 


X 

”»■ 

2 

vx 


~VT~ 

VI 


.11557503 t*Vi 
3561526 7E*2 3" 
• 45bl5C16£».'3 
•14503063E-02 
~960453tSr-w3 - 
.936393246-03 


1. 30 OuClOC 
"-.25385120 • 
. 65365046 
.84646615 
- .04252365 
.70510371 


"1. 5C50COCO 
-.656(15*87 
-.0*692763 
" .87731729' 
-.54636646 


1.0)003400 
. 3 ’275626 
-.21654325 
.92893988 


l.OOOOOCOO 
- .12272709 
.56922404 


-i.ooaooMC" 

-. 2245 o 98 u 


l.OOuOJCCO 


A- 


ACCPFO 


.66506551 

-.42995652 

.65824744 

.28241079 

-.47584606 

.54902598 

Com 


— • 6-7 877 1 9 

~ ,35551112"" 

— .59218841' 

-.31774911' 

-. C3422C46" 

-.48768*36 — 

. CLCCV 


-.SJJ95487 

.339/2259 

-.54441937 

— . 2654 1145 

.04573191 

-. 4263oS2o 

EFM X 


-,40005457 

.91482665 

-.00111730 

-, u 0434746 

.0«125190 

-.00242689 

EPH V 


-.00601956 

~ .0 C854 C04 " 

— . 0112848 3 

-. 00150170' 

. 00165308' 

-> 00279120 

EPH 2 


.01506186 

-.02389550 

.03021142 

.00437799 

- . C 062 77 78 

.01091755 

EPH VX _ 


-.00153560 

.00279293 

-.08373589 

-.00078768 

.00178444 

-.00382358 

"EFM VY 


— « C 3 2250 6 9 

""2 00 454704 

—V0 0 5744-5" 

-V0010 3529T 

.€0335159" 

-TOO 56 0528" " 

, EPH V2 


.0068/955 

-.01335279 

.0.17290 82 

.00336794 

-.03946324 

.01754045 

RS 1 


.02334157 

-.CC030805 

.U3407977 

-.00629669 

.30210294 

,00224545 

LON 1 


.01623207 

.0.533423 

-,00o07j78 

.00353209 

-. 40-66144 

.51397363 

L Z-MT 1 


.6556598 

.09609371 

-.1 .975583 

-• C0617046 

-.04597934 

.02416018 

RS 2 


.01192904 

-.00667556 

..187 5489 

. 00053668 

.00326377 

-.00557213 

LON 2 


.01050210 

.00545546 

-.0)45 7134 

.00462209 

-.04367978 

. 01164625 

Z-Mf 2 


.05855252 

-.09357852 

.11267205" 

•13 0**5976l» 

** ‘ .00647364" 

33025508 , 

*S 3 


c.ocoocooa 

U. 04000000 

0.4)400.00 

3,ooooacao 

0.00000004 

0. 0C4OS4C0 * 

LON 3 


.01206356 

.00700565 

-VO 1598979 

•60388250 

-.00356144 

.01213573 

Z-HTT : 


0. OCOOCOOS 

O.OCOOwOCO 

0.04000300 

O • 03 J00C8Q 

0.00000003" 

Tj. 00000030 


-mvr-Foir 








116-A 


i J' 


r** md *>. 


izmirnim,. 


'STANDARD DEVIATIONS AND COPHECfTION COEFFICIENTS 


sio new 


ACCPFO 
CCNE 
CLOCK 
tP H X 
EPH V 
EPH 2 


• 5449280 7E-02 
".1351673JE-01' 

• l75o7195L-0 1 
•2Z415o33E»)4 
..197E164SE»0S 

• 12370.>46£»u t 


ACCPPO 
EFH VX 

J. 00909000 
-.=1387515 
-• SB 704162 
00069706 
-.00222515 
. 0 C€ 4 j 812 


CONE 
EFH VY 


I.GCCOOCjO 
.50885397 
.00050=29 
. 0 020 7 5 05 
60579E42 


CLOCK 
EPH V2 


l.UOtOOOUO 
.00321094 
* .00148894 
-'.00483992 


EPH X 


EPH Y 


EPH Z 


1.00000000 

.90004834 

.8306737b 


1.00000030 - 
.75000717 


1.Q00C3000 


tPff VX 

.99309667E-9T 

-. C02135 1 0 ' 

.00181 = 08“ 

.00141889 

IT31I715ET - 

.10998727' 

.103117212 



1.00000000 






EPH VY 

.992371766-03 

-.00051522 

. 0 C 016 329 

-.0CU52618 

.06510138 

.31101353 

.06970161 



»033874=r 

1 • C C3 j 0 j j 0 





EPH VZ 

•97962366E-33 

. 0051451)3 

-•0C 188166 

-.00186883 

.03561637 

.03067114 

• 398 01325 



.02720241 

-.00151559 

l.ooooaoao 




BS 1 


. 0ul7lJ995 

.90042472 

.00143224 

.00251572 

-v 7 0290563 

' -.00143775 



••Co0257^t* 

" X .10020624 

■ .COG 2955 1 




LON 1 


. 00266921 

-.00260210 

-.60246091 

.00067059* 

. 00198088 

-.00819546 



-.OQQUiiae 

-.C00J0924' 

C. 027163 




7*KT 1 


*a 


" .0C7SC155 

-• 0 D 3*# Jo55 

", 02111448" 




• • 0 3u5oJcj 

.000654/0 

. C 0 0 76 21 4 




as 2 


-. 03096018 

.8002776/ 

- . 0 C 78 4 216 

.00079033 

-.00257298 

.00444212 



.0CCC9412 

~ -.00003645" 

' '-.000x8136 




LOn 2 


. 00158069 

-.0021/512 

-.00244853 

.00010891 

. OulflbU 7Q 

-.00568132 



.03063=97 

- .0 CO 0 7 244 

.C0017224 




"Z-HT 2 


-• U377J52C! 

• QC527352 

~ .00182901 ' 


-.02108967' 

.04754355 



.00358798 

-.00064612 

-. G0uBZo26 




os 3 


0.00000010 

O.OCCOJOu 0 

0.00003000 

0.00000000 

C. 00000030 

0.00000030 



0 . 00 00000 0 

0.0.000000 

0.00000000 • 




LCN 3 


.00220259 

-.00235=53 

-.30232553 

.00036923 

.03181973 

-.00657322 



. U3 GO J 19 4 

-. CC0J3869 

.0u021026 




~ ■> Z-HT 3 


C.300CC033 

0.0 0003 033 

0.00000300 

0.00000033 ' 

0.00000009 

C. 000 CO COO - ■■■“■ - 



0 • 00000000 

O.u'uOQODOD 

O.U0008Q30 




5/t UHLEffTMNff KtLAlIVfc TO trHfcnfc Kl5 EOCT 






"STANDARD DEVIATIONS AMD CORRELATION COEFFICIENTS 

t v 

- - 



- 

. — 


STO 9t V 

X 

Y 

z 

VX 

VY 

vz 

X : 

• 22637 172F + 34 

1.00003000 







. 20 C 2o&2 5E * C 4 

.8718/587 

l.OCuOOOOO 

' 


•“ * * 

• ■**: — — ■ *- •-*— ■ 

2 

.13JS4L?6E»34 

.80972413 

.66750072 

1.00000030 




vx 

•17583/95E-02 

.27206403 

.04/66663 

.15831582 

1.00000000 



VY 

• i37«725"2t-42 

-'.06409/53 

.32755827 

-.01661964 

.68420 053 lTirjinjoinnr 


J ■ VZ 

. 13431664E-Q2 

. 09561015 

-.04199385 

•4tt97l0b9 

.33799681 

-.13221181 

1.00000C30 

j POSITION 

=U3 -BLOCK 

' 






t-VILi 15 w k | | 

fcXGkrtVfc’CJ OPS 







. 3 107 90S* Oh 
'•595747E*03'’ 
. = 13830E*0J 


.71171927 
-.65417167 
.2503262b -.68549323 


.60781314 ’ .34809194 
.40382693" .641-.02E3" 


.66369204 


E-V4LE' iscsn 


.1665596-02 

.1417076-02 

.1143666-02 


EIGENVECTORS 

.903/4703 
. 11442251 
-.41193095 


.06611262 .42299076 
.51279708 -. 35146812 
.40102682 .61724065 






116-B 


•TSPSCs. 


“5631 SOdT" BEFCPE M-IZIZ P- 

V~ 

"563.5000 AFTEP H=1Z12"P*’ 

V= 


• 173 EE *05 KH 
• 871 1 E + 0 1 P/S 


. 14006*05 KH 
• 716 3 E +01 P/S 


563.5000 BEFORE P= 61^3 P~ 

I . »» 

f ' 563 . 5300 * AFTER' H =4123 F= 

! W* 

566.O0CO EEFCRE — H5IZ1Z“P=" 

V= 

S 6 «.. 00 B 0 AFTE° H =1212 P= 

\i= 

— 56‘ t .3CSf!~ BEFCPr~M* 2 (J 32 P= 

V= 

— 564 . CO 30 AFTeP H 920 (l 2 " P= 

V= 

564 .3 CCt 9EFCSF ' _ H=Z12r~F= * 

v= 


.i 400 E+CS' KM"~ 
. 716 * 6+0 1 M/S 

. 5532 E + 04 KM 
• 7099 E +0 1 K/S 

-£ 5539 E *04 KM" - 
■ 719 jc +01 P/S 

. 5415 E +0 4 KM 
. 5292 E +01 M/S 

. 5416 E +04 KH 
• 5292 E +01 P/S 

. 326 EE +04 KM 
■SiSlE +01 N/S 


STATE 

SOLVE-FOP 

STATE 

SOLVE-FOP 

STATE" 

SOLVE-FOP 

STATE 

SOLVE-FOF 

’ STATE" 

SOLVE-FOP 

STATE 

SCL/c-FOP 

STATE 

SOLVE-FOF 

state' - 

SQLVE-FOR 


~. 3266 E + 04 KM"" 
. 515 lc +0 1 M/S 


564 . 0000 * AFTE 7 H =2121 P= — . 1734 E +03 KH 


STATE 

SOLVE-FOP 


STATE 


.UOOE+jS 
.5 2002-01 
. 10002-02 
•i« 492+04 
. 71981-01 
■lOCCt -02 
IS 49 E +04 
■ C. 198 E -01 
« 103 0 E -02 
. 7345 E+ 03 
.£ 19 oE -01 
. 1 0 0 CE -02 
" 17 ! E 0 E + J 3 - 

■Jiyst-oi 
. 100 CL -02 
. 720 oE *03 
. £ 095 t -0 1 
• 10 G 0 E-C 2 
. 7 £ 08 E +03 
■<U 99 E -01 
. 10 C 0 E-u 2 
• o 0 14 E+ 03 
.i 099 C -01 
■ 10 CCC -02 
~.6 0 14 E +33 
• 2 C 99 E-U 1 
. 1 0 0 CE -0 2 
. 64416*02 


.lOOuL+05 
.39006-01 
. lOOGL-uZ 
• 99 74 4 * 04 
.350.2-01 
. lODOfc-02 
• ^ 9746 ♦ .4 
•350.E-Q1 


.10002+05 .5016L-32 ~ 

• j5 0 uE-Ql .30JCE+04 
.13002- 02 

• 96T2E* C4 .4994E-3Z 
• 3499E-0 1 • 3 0 3 OE + Oh 

. 10002-02 

.9632E + 04 " , "14594E-02' 

• 3499E-0 1 .32506+34 


'.50612-52 “ 
• 3C0SE+04 

% 2557 c -.2 

. 3000 C +04 


15015 E-C 2 — 
. 3CCCE+44 


’. 4453 L-C 2 " 

. o.OCt+OA 


. 10306-02 ’ . 10 C 0 E -02 

• 4099 E +14 . 3 E 41 E +04 . 4994 E-J 2 

. 35 U 0 E -01 . 3499 E -01 . 28696+04 

.lOOOc -02 . 1 JCOE -02 


T4106E+04 "" .364 0E + 04 " 
•3500E-01 .3499E-U1 

• lOOot-oZ .9999E-03 
.39512+C4 .3634E+J4 

•3479E-01 .34o5E-0l 

. lCQ0t-.2 .9999E-03 
.3951F + 04 .3634E + 04 

.J*79E-til • • 34 65 E- 0 1 
.lOCCt-02 .9999E-03 
• 15532 + 44 .2810 E+ 04 

.3477E-01 .3465E-01 

. 1D0G6-C2 .9999E-G3 

'.1553E+04 ".28106+24 
■3477E-01 • 34d5E-4 1 

•103CE-02 -9999E-03 

.77362+02 • 1412E+ 03 


15038 E-CZ"- 

•H 871 E +04 

. 1827 E -02 " 
•ZHjet+O* 

•18Z7c-32 

. 2836 E +04 

• 138 CE -32 
•ZZ 63 E+J 4 

• l •> 8 . 4— .2 

. 2263 E +04 


"025572- C 2 — 
.3SC0E+04 

• 2399E- 02 " 

• 28864+04 

~. 2531 E-t 2 ~ 
. 2887 c * 04 

. 2451 E-.Z- ~ 
• 28 * 36 * 04 


T 4453 ET-T 2 

.oSCCE +04 

•4435E-CZ 

.Z8*2E*C4 


“•4 4 19 E-C 2 
. 23426*04 


!P sa 

.4 31 SE-C 2 etT^ 


• 1 Z 31 E -02 . 24 S 8 E -02 



.Z 451 E- 0 Z" 

■ 2499 E +04 




V= 

. 509 d £+01 

P/S 

SCLVE-FOR 

• £ 099 E -01 

. 3477 E -01 

• 2465 E-J 1 

. 2261 t *04 

. 214 St *04 

• 157 €E *34 







. 100 GE-G 2 

. liOOE-tf 2 

. 99492-03 




— 564 SOOCO- 

"EEFCPE— ~ K= 412 T~ 

P=— o! 734 E +0 3 KM 

STATE 

. 6441 E + 02 

• 7736 E +02 

. 14126+03 

. 12316-32 ~ 

. 24086-52 ■’ 

. 43156-52 



V= 

• 5393 E . 0 1 

M/S 

SCLVE-FOH 

. 2 J 99 E -01 

. 347 /E-Ol 

.34 bit L—o 1 

. 22616*04 

. £l*St *04 

.ls 7 c£*C 4 







. tOOCF -02 

. IOOjI -02 

. 99496-03 




‘ 564.3000 

AFTEP M =4123 

P- 

■ 173 JE +03 

KM 

STATE 

• 2 4 3 or. « 02 

.// 341 + 1,2 

. 14116+03 

. 12294-12 

• 24 .C 5-.2 

.4 oC£E -02 ’ ’ 



V- 

■ 5077 E +01 

M/S 

SOLVE-FOP 

. £ 099 E -0 1 

. 3 * 7 /E -0 1 

• 3 * bE t“U 1 

. 2206 . 4*04 

. 2 . 142+04 

. 13 Ect«C* 


* 




■ * 

. 3958 E -03 

. 99986*03 

. 99964-03 




— 564 . 53 C 0 " 

" EEFCPE ' M=iZ 12 

P = 

■ 2918 E+Q 3 

KH ' 

STATE 

". 6 C 50 E + J 2 ’ 

13 85 E + G 3 -■ 

‘. 2453 c >03 ' " 

. 13492-32 . 2542 E -32 IFolEE-CZ’ 



v=> 

■ 52 UE + 01 

P/S 

Solve -for 

• 2399 E -01 

■ 3477 E -01 

. 3465 t-ul 

. 22072*04 

• 2 ClbE* 0 * 

• 135 : SE+ 







. 59996-03 

. 9998 E -03 

. 99956-03 




~ 564 . 5 BCC 

AFTEP ~ Tf = I 21 Z 

p= 

■ 2864 E +03 

KM 

STATE 

• • 41 28 E +32 

. 13646+03 

. 24846*33 

• it, 366-32 

•Z 457 E-G 2 “ 

. 4314 E-C 2 



v= 

• 507 £c +01 

M/S 

SOLV£-F„P 

. 2 J 17 E -01 

. 33316-01 

• 342 bE -01 

• 24 0 7 c* 0 * 

• 2016 E+U 4 

• 1359 E* 3 * 







. 3959 L -.3 

. 99984-03 

. 99956-03 




— ’ 5 L 4 . 50 CC— HEFCRt — K= 4123 " 

F=> 

". 2864 E +03 

KM 

STATE 

413 BE+C 2 

'• 13 64 E+ u 3 

124846*33 " 

. 1-0 366-32 

1 ? 4 C 7 E-C 2 — 

. 43142-52 


4 

V- 

. 50 / 22+01 

M/S 

SOLVC-FOE 

. 2 . 176-01 

• 3831 E-G 1 

. o 42 bE-C 1 

. 22076.04 

. 201 o£+ 0 * 

. 13596*34 







. 99994-03 

. 99986-03 

. 99954-03 




— 564.50 GO" 

~£rTZ* ■* K = 4123 W ' 

P- 

’-. 28366+03 

KM " 

STATE- 

. 41232*02 “ 

113512+03 

:246 0 £* 0 J 

. 60264-02 •“ 

". 262 * 6 - 52 *— 

-•se? 7 c-zr 



V- 

■ 5005 E +01 

M/S 

SOL VE-FOF 

. 2 J 17 E-C 1 

• 3 33 .E -0 1 

• o* 25 E-Ci 

. 21846*04 

. 16 cuE+ 0 * 








. 999 £t -03 

. 39932-03 

, 99854-03 




5 c 5 . 00 C« BEF CPE M = 1 Z 1 Z 

"P= 

147 o 2 E »0 3 ’ 

KM 

" ' “STATE' 

£59 33 E * 02 

T 2317 C+P 3 ’’ 

".411 72 *03 

. 12 056-32 ’ “ 

. 25736-02 

143166-52 



v= 

. 51672+01 

M/S 

SOLVE-FOR 

• 2 j 1 72-01 

, 3331 E -01 

. 3 * 252-01 

. 21876 + 0 * 

. 19646*04 

. 14684 +C 4 







. 99942 - 1,3 

. 99944-03 

. 99356-03 

■ 



“ 565.30 00 “' 

"AFTEE M= 121 Z~ 

"F=" 

'. 4656 E +03 

KH STATE 

—.50 716 * G 2 — " 

• 2274 E* 03 ' - 

140322*03 

111136-02 , 24556-32 

-. 42216 - 52 " 



V = 

• 499 .E +0 1 

H/S 

sclve-fcr 

• 1 34 7 E -01 

. 28956-01 

. 33456-31 

• 218 7 E* U 4 

. 1962 E +04 

.l 2 ebE +04 


565 . 50 Cir~EEFCFr""l 1 = 2 ' 0 g 2 " P- 

v= 

— 5 E 5 .C a C 0 "~'SFTEP K- 230 Z “ P = " 


. 4 & 5 bE *03 KM 
■ 4591 C+C 1 P/S 

.' 45716*03 KH ~ 
. 48736*01 H/S 


STATE" 

SCLVt-FCP 

’ STATE" 
SOLVE-FOR 


. 24 S 5 f-G 2 ~* 

.l 9 b£E*C 4 


"7E396E-t2 

•19622+04 


", 4 Z 31 L-t 2 — 

.. 0 c 3 E*C 4 


"14 0 ScE -32 
. IZcoE +94 


— 565*111100 — BEFORE" «S212'1 ' F= 74571E*03"KH STATE* 

V= .4873E+01 M/S SOLVE-FOF 

“565.0000 — AFTER K=Z1Z£ — P~.158eE + 0 3~XH STATE 

V* . 1862E+ Q 1 M/S SOLVE-FOP 


V- . 1663E+Q1 P/S SOLVE-FOP 


. > 59942-03 . 9 S 94 E -03 . 9985 E -03 

-. 5 C 71 f»S 2 * •'•. 22 / 4 UC 3 "' . 4 CJ 2 E +03 “ . 111 3 u -02 " 

• U 47 C -01 . 2895 L-Q 1 . 33-5 t- 2 l . 21 i 7 t +04 

• 99342-03 . I 994 E- 4.3 . 5985 E -03 

". 5 C 33 E +02 . £ 21 d £+ 03 * ". 3 EE 62 + 03 "llldir-G 2 ~ 

• 1 04 9 E -01 .Z 889 E -01 . 3080 E -01 . 2187 E + 04 

• 1994 E -03 . 99942 - u 3 . 99852-03 

5 0 i 3 E + 0 H • 2216 E + C 3 ''l' 39 b 6 E +03 " ~. 1101 E+lJZ — 

■ i: 49 E -01 . 2869&-01 . 30302-01 . 2187 t» 0 >. 

. 5994 E-V 3 .^ 9942 -53 . 99852-03 

~. 35 > 59 E + a 2 ".' 7576 C+C 2 "-113492 + 03 — . 5919 E- 03 — 

• 9 . 83 E -02 . 28576-01 . 3077 E -01 . 2187 E +04 

. ! 994£-«3 . 99946-03 . 99856-03 

rm T 757 or +"02 rr 345 r+TT 3 15919 E-T 3 1 A 8 1 76 -13 HTJI{-T 7 " 

. 9 m 83 E -02 . 2 S 57 E -01 . 3077 E-ul . 21876+04 . 15626 + 84 ' . 12466*04 

. 99546-03 . 9994 E -03 . 598 SE -03 


"TZ396E-07 
. 19o2£+m4 


TFOSBE^tr - 

■ 1 CESE+C 4 


T 8 817 E-TJ— 
.19626+0* * 


T153 IT-72— 
>12£oE+G4 


o> 

1 

O 






i : * — V 


565. GOOD 

AFTER 

MxfclZJ p= 

•158f£*flJ 

KH 

STATE 

.35696-02 

*. 75uRE*C2 

.13486*03 

•591 3E-03 — 

B7B8E-CT 

7157EF-C2 




Vx 

.10586*01 

M/S 

SOLVE-FOS 

•94d2f -02 

.2857E-01 

.30/76-01 

• 21756*04 

.19316*04 

.12126*04 








.997. E-u3 

. 99836-03 

•9965E-03 





565.5000 KPtBE fix'lZi'Z Px 

".2l27£*03 

KM’"' 

~ STATE 

•5169l« u 2 

. 12506*03 

.17706*03 

.85804-23 

;i2i3E-C2 — 

“16C1E-C2 




V= 

.21 OOE* 0 1 

M/S 

SCLVE-FOR 

. 94621-02 

.28576-01 

• 30 77E- Jl 

.21786*04 

.19356*04 

•121ut*04 








•65636-03 

. 99846-03 

•.6964E-03 





565.5000 

AFTER 

HxlZIZ " p=‘ 

.?568.E»03 

KH 

STATE' — 

• 37 56E * 32 

• 10 36c >0 3 

• 1 76 BE* 03 

'.5849E-3J 

.9391E-C3 

-.153H-C7 “ 


[ 

». 


v= 

.19416+01 

M/S 

SOLVE-FOR 

.9 <s34i -02 

.216OE-01 

• 20496-01 

. 217 66 *0"* 

.19356*04 

•121u6*04 








.9983E-03 

• 99846-03 

.99646-03 





56y.500<r~eEFCPE'"'Hx4123~Px~- 

.Z068E+03 

KK - 

~ STATE 

".3756 E* 02 

".10 066*03 

.17686*03 

“25B49E-33 ~ 

' • 9391E-23 

"315S5E- CZ 




v= 

.19414*01 

M/S 

SOLVE-FOR 

•5334f -Q2 

• 21986-01 

. 3049E-01 

•2178E*34 

.19354*04 

.12166*04 








,S6ti:c-03 

. 99844-03 

.99646-03 





~565.;503a “■ 

AFTER M=412J P=— 

.2 4 61c* 0 3 

KH 

STATE ' 

• 3754c* j2 

.10026*03 

.1?61F *C3 

.S836E-C3 

. 9337E- C3 ~ 

.15!5c-22 “ 




V* 

.1930E*01 

M/S 

SOLVE-FCR 

.92296-02 

•2198C-01 

• 0.496-01 

.21696*04 

. 19156*04 

.11016*04 








• 595<i--02 

• 99o76— u3 

.69336-03 





566. COCO" 

'BEFORE'- 

"H=1Z12’ ‘ P= 

.2759t*03 

KH “ 

STATE 

'•5fcU<tE<02 

• 13 8,0c *03 

.23216*03 

.79104-03 “ 

•1276E-32 

-.1695E-32 

..... 



V= 

•Z265E*j 1 

M/S 

SOLVE-FOR 

.93296-02 

.21936-01 

•30496-01 

,2174E*U4 

• 1919E*04 

.11856*94 








•9955E-U3 

. 9S68E-03 

•9932E-03 





" 566 .0030 

AFTER 

Kxiziz p= 

. 271 Zt* 0 3 

XN 

STATE ‘ 

.46526* 02 

« 1 337c ♦ C3 

.23336*93 

•5855E-03 - 

10 14E- C2 

.16324-02' ~ 




v= 

.2G49E*01 

M/S 

SOLVE-FOR 

.52046-02 

.1714E-J1 

• 3bl56-01 

• 2l74c*04 

.1919E*04 

.11856*04 

? « 



* • • 




’ .9956E-U3 

. 9968E-03 

.99526-03 





‘ 566.3003 ' 

EEFCRE" 

Kxzoor’p^— 

•271ZE+03 

KM ' 

STATE 

’ .46526 + 32 " 

13376*03 

•2313L ♦ 03 

. 5850E-53 ' “ 

”.1014 4-32 ” 

.168.24-C2 




V= 

•2049E+01 

M/S 

SOLVE-FCR 

.5204£-u2 

. 1 714E-W 1 

•30156-ul 

.21746*04 

. 19196*04 

• IcVE^OR 

9 







•5655E-03 

• 99ooC-Q3 

•99o26-03 





566.CC 30 ' 

AFTER 

HxZCOZ P= " 

• 269cc*\i3 

KM 

STATE 

• 46 2 Gc ♦ 02 

m 1 £ 2.7 1 ♦ w3 

.22976*03 

.5431E-03* 

. 9702E-33 

. 16yilL-Cc 

. ... .«. 



Vx 

•19516*01 

M/S 

SOLVE-FOR 

■ 6775E-02 

. lo54E-01 

• cl 0 3fc-u 1 

.21744*04 

. 19196*04 

.11854*04 








.9955c-C3 

, 9968E-03 

.99326-05 





” 566*0000 “ 

eEFCPr~TfxZ121 Px~ 

_ .2692E*Q 3 

KM 

STATE ' 

•46006*02 

• 1 327E *63 

.229 76*93 

.54316-03 — 

.97226-03 1603 E-02 — 




V= 

.19516 + 01 

M/S 

SCLVE-FOR 

•6775E-02 

.16546-01 

.21036-01 

.21746*04 

.19196*04 

.11856*04 







* ' 

•5959E-33 

. 96u8t-03 

.9932E-Q3 





~ 566.0000- 

AFTER ■■■ 

HxZIZl Px* 

.14726*03 

KM 

STATE 

.33666*02 

.71774*02 

. 12406*03 

.3586E-33 

.513SE-C3 

•8593E-C3 

■ *" 



v= 

.lfif.sE* 01 

M/S 

SCLVE-FOR 

.62C7C-02 

,ly83£-01 

.20716-01 

•2174E*04 

.19144*. 4 

• iifii/E ♦ C <• 








•9955C-03 

. 69684-03 

.99314-03 





566.0350- 

EEFCRE ~ 

HxRlZJ px - 

•14726*03 

KH 

STATE 

.33686*02 

.71 77E* C2 

.12406*03 

'.3586E-D3' 

. 5135E- C3 

.o593c-C3 - 

. — — ~ — . 



V X 

•10636*01 

M/S 

SOLVE-FOR 

.6 307 E -02 

.15834-01 

.20716-01 

.21746+04 

. 19194*04 

.11854*04 








• *3 9 1> 9 ~ • u 3 

. 9968E-0S 

•6931E-03 





5©6 • 3 0C0 

AFTER ‘ 

H=4123 Px"' 

.1471E+03 

KM 

•STATE ' 

• 3368E* 32 

.71726*. 2 

.12396*03 

• 353 3E-03 ‘ 

.5125E-C3 

. 8575E-03 

. — . — , 



v= 

.10616*01 

M/S 

SOLVE-FOR 

.630 66-02 

.15836-01 

.20714-01 

.21674*04 

• 19*Jb£*04 

.11596*04 








.6921 i-03 

. 99414-03 

•9883E-Q3 





~-566.500r~ 

BEFORE” 

P=IZ1Z- PX— 

• 1773E* 0 3 

KM*' 

“ * STATE",— 

• 4263E* 32 

.91846*02 

.14566*33 " 

•5324E-03 

. 9766E-03 

7964eE-OT — 




v= 

.1462E+D1 

M/S 

SCLVE-FGR 

.63066 -02 

.15834-01 

•2u71E-01 

.21726*04 

. 1911E+C4 

. 11636 04 








.99256-03 

. 69434-03 

.9882E-C3 





566.S3CT-— FFTEITT- 

Tf=TZ12 " Px — 

• 1722c * 0 J 

KM * 

STATE 

".3710E+J2 - 

.65044*02 

.14516*03 

-.3958E-33 

. 5541E-C3 

391I4E-E3 




V = 

.11286*01 

M/S 

SOLVE-FOR 

.54526-02 

.13526-01 

. 1751F-01 

.21726*04 

.19116*04 

.11656*04 








.6925.-03 

.99436-. 3 

.98826-03 




O n 

“566.50CC 

EEFCFE” 

'Mxi»12X~* P = 

• 17 22F + 3 2 

kH ’ 

~ — 'STATE 

”* 3 7 1 CE * ! 2 

^8E/u4t + j2 

'. 14516*03 ’ 

".3958 6-03 ' 

". 554 1E-C3 

791I4E-C3 

•a/ to 



Wx 

• 1 1 3 8£* 0 1 

M/S 

SOLVE-FOR 

. 54526-02 

• 1352E-0 1 

. 1 ?5lE-ul 

.2172E+04 

.19116*04 

.11636*04 

V_i M— f 







.9925.-03 

.99436-03 

.93824-03 





“ 56ft -5000 “ 

AFTER - - 

WxRIZJ Px" 

•17196*02 

KH 

STATE ~~ 

. 3708c* 02 

. 84894*02 ' 

.14486*03 

.39516-93 

. 5523E-C3 

79085E-CT 

Q & 



v= 

. 11 34E+Q 1 

M/S 

SOLVE-FOR 

•5449c -02 

.13524-01 

• 17516-01 

. 2l6uE *0 4 

,19016*04 

.ll46E«94 

2 ^ 







.98733-03 

• 99u66-u3 

.98156-03 





— 56T.B3UO — 

BEFCPE — nxi2i2‘ px - 

210 56* 02 

KM * 

— - STATE 

49276*12 

.'10 836*03 * 

-.17356*03 

. 5243F-03 — 

110056-02 

“ 1012F-02 




Ox 

• 1519E* 0 1 

M/S 

SCLVl-FOR 

.54496-02 

.1 352E-01 

.17514-81 

.21724+04 

.19074*04 

.11526*34 








• 9878I.-J3 

.96.8E-03 

.58146-33 




c? k? 

567. COCO 

AFTER" 

"HX1Z12- p=” 

• 2051c* 0 3 

KM 

STATE 

*•4 3 61c *32 

.10246*03 

. 1723F*u3 “ 

• <olo6£.'“u3 '«5S35E''t3 

13582E-03 




Vx 

.12026*01 

M/S 

SOLVE-FCR 

.47776-02 

•1146E-01 

. 1504E-J1 

.21724*04 

.19074*0-, 

. 113cE*04 

H O 







•68786-03 

.99886-03 

.98146-03 




gta. 


KW 

STATE 

• U 3 € 1 c ♦ l* 2 

T1 u 24E* Q3 

-.1723u*C3 

';4188£*T13 


T958ZE-C3 




Vx 

.12026*01 

M/S 

SOLVE-FOR 

.47776-02 

.11466-01 

.15044-01 

.21724*04 

.19076*04 

. 1152E+04 





4 


.98781 -03 

. 6908E-03 

• 5814E-03 





“”567.00Cff— 

AFTER “ 

-pxZBOZ~ Px— 

'.2048E + Q3 

KM “ 

- - STATE — — 

'.4 35&F,*f<2 — 

-.10224*03 

“•17206*03 — 

".41386-03 — 

-.5 8 3 7- -C 3" 

T94 22'4-OJ 




Vx 

.U83c*01 

M/S 

SOLVE-FOR 

.45376-02 

. 1 145E-01 

• 14 15 E-0 1 

.21726*04 

. 190 7£ *04 

.11524*04 









.98781-03 

.99086-03 

.98146-03 




• 


'SFCRE ir=nzi Px rrC«.«£PCTT<M STATE — 242566*1 2 V10Z24+33 ;'I72CE*C3 14T3at--B3 05BT7F-T3 r3M2ZZ~VZ L 

V* .11836*01 H/S SCLVE-FOR .45376* 02 .11456-01 .1415E-3I .21726*04 .19076*04 .11546*34 

.58784-03 .99JAE-03 .9B14E-03 


Ov 

I 


a 





, 




567.00100— *rtER-’“ns2121— P= ■ 

1377E10 3 

KH 

STATE — 

.34076*1 2 

.68112*02 

• 

v= 

.7 812E* 0 0 

M/S 

SOLVE-FOR 

. 418 *j 2-02 

.10822-01 






.58 7 81 -UJ 

. 9y08t-UJ 


567.0900 BEFORE — H=4TZT— P” 

~ .1377E*03 

KM “ 

STATE 

“7 34'!7E*f2 " 

• faft tiL, ♦ j 2 



. 78122. OC 

M/S 

SOLVE-FOR 

.41852-02 

.10822-01 






.98781-03 

.99082-03 


* 567.0000 AFTER" *6=9123 P= 

* • 1 372E* G2 

KM 

ST8T2” 

.34172*92 

.68072*02 


t V- 

• 78016*0 0 

M/S 

SCLVE-FOR 

•4184E-02 

.10816-01 






.56062-03 

.98592-03 


— 367.50 CO" - EFFCRE — WS1712 “PS- 

"71574EFC3 

KM 

■ “ " STATE 

'.98092*02 

7 77 236*02 


v= 

•98C7t*CB 

M/S 

SCLVF-FOR 

.41842-02 

. 10619-01 






• 15c *03 

. S86 lc-03 


“ 567.5000 AFTER H=121Z P= 

,1538E*03 

KH 

STATE 

.37252*12 

•77C4E*:? 


V* 

.72556*00 

M/S 

SOLVE -FOR 

• 37982- 02 

.98882-02 






.98151-03 

.98610-03 


' 567753C0” BEFORE— 71=4123 P= 

”.15366*03 

KH 

— — STATE 

-.37656*12 

'.7704E * 02 ' 


V = 

• 7€55t 40 0 

M/S 

SOLVE-FOR 

.37986-02 

.9d8»E-j2 






.58151-03 

. 98olf-03 


-567.5003 - AFTEP H=4123 P= 

• 1532E* 0 3 

KM 

STATE 

.37636*02 

. / 6 952 *32 


V=, 

.76396*00 

M/S 

SCLVE-FOR 

.37976-02 

.9884E-02 






.97301-03 

.97992-43 


t 568. 0060 5EFT«»r— *=3ZI2 ~P=— 

“7 17576*03 

KM •“ 

— " " STATE 

751826*02 

.87252*02 


V= 

.91 56E* 0 0 

M/S 

SCLVE-FOR 

.37976-02 

. 9 884 E- 0 2 






.97322-03 

.98016-03 


: " 568.0000 “ AFTER - H=121Z P= “ 

• 1707E*0 3 

KM 

STATE - " 

'.41582*02 

. 8662E * GZ 


V= 

•7C89E.0 0 

M/S 

SCLVE-FOR 

.36632-02 

.92882-42 


* 




.97362-83 

.98012-03 


? — 568.3030 fFFCRE — 1122552“?=— 

717076*03 

KH - 

STATE 

741582*02 

7 B6622 ♦ 02 


V= 

.70892*00 

M/S 

SCLVE-FOR 

.36632-02 

•9/836-J2 





* 

.57362-03 

.98012-03 


568.3060 AFTER *1=2002 P = 

.16122*03 

KH 

STATE 

.40812*02 

.81082*02 


V= 

.63272*00 

M/S 

SCLVE-FOR 

.2569E-02 

.i4o6E-02 






.6736E-03 

. 980 12-03 


" 565.0300 9EFCPE M=212 1 p= 

.12122*03 

KH 

STATE 

.40816*02 

.81086*12 


* * V= 

.63276*00 

M/S 

SCLVc-FOR 

.29696-02 

.34362-02 






.57362-03 

.98016-03 


“ 563.30CC* AFTER K=21Z1 P= 

.12*2E433 

KM 

STATE 

•3S08C*C2 

.64052*02 


V* 

.99792*0 0 

M/S 

SCLVE-FOR 

.25426-02 

.34KE-0Z 






.5736C-Q3 

.98050-03 


—“563.0300 — EEFTRE ft- 9173 ~ T-~ 

71282E + 03 

KH — 

STATF <“ 

.35082*02 

7 64C5E+C2 " 

• 

V* 

.99 792*0 0 

M/S 

SOLVE-FOR 

.25462-02 

.34122-02 






.97366-03 

. 98416-03 


5 68.0 St 3 — AFTER K= 9123“ p-~ 

t P tc* 03 

KM — ST ATE 

-.35072*02 ~ 

'. 64 046 * C2 


V* 

.4*9792* 0 0 

M/S 

SCLVE-FOR 

.25462-02 

.34122-02 






. 66356-03 

.97256-03 


568 .50C!” BEFORE *1=1212 ' r'= “ 

.13982*03 

KM 

— ' STATE 

.48400*02 

7 68 746* 


V = 

.7577E*CC 

M/S 

SOLVE-FOR 

.25422-02 

.3412E-02 






. 9641 C- 03 

. 97282-03 


— 568.5000- AFTER H=1212 P= 

.13626*03 

KH 

STATE 

.37476102 

• 6 B6I0 * 22 


Vs 

.51152*00 

M/S 

SCLVE-FOR 

.25389-02 

.33192-02 






.56416-03 

. 97286-03 


568: 5003 — BEFORE — H=H23~“P=- 

“.13626*03 

KH” 

. “ STATE 

.37472* 12 ” - 

".68616*02 


V= 

.51156*00 

M/S 

SCLVE-FOR 

.25386-02 

.33196-02 






.56412-03 

.97282-03 


568.5 0CJ — AFTER H=9 1 23 ~ P=~ 

7T362E*03 

KH ” 

STATE 

'.37466*02 ' 

1 68586*02 


v= 

.511QE* 0 Q 

M/S 

SCLVE-FOii 

. <5380-02 

•3319E-02 






•5524E-03 

. 9o37E-G3 


pM.CTJuB BEFORE W-XZXZ F= 

.149EE*C370f 

STATE 

751266*02 — 

774216*02' “ 

“ 4 

V = 

.77986*00 

M/S 

SCLVE-FOR 

.<5386-02 

.33192-02 


—565:0000 — trvzv M*IZ1Z — pi— 


P 


•9532C-03 

.96902-43 



STATE 

• *♦5^56 ♦02 

77414E*02 

“1 

v* 

.52832*00 

M/S 

SCLVE-FOR 

.25372-02 

• 3 3152-02 






.55322-03 

. 96402-03 


—565. 0 300— TT6FCRE — H-2032— P*~ 

“ .14£GE*03' 

KM"“ 

— STATE 

.40252*02 " 

. 7414E * 02 “ 

7 

V* 

.52832*00 

K/S 

SCLVE-FOR 

• 25376-32 

.3315E-C2 



.136Bt-01 
.9l»lJt-03 
I147C*03 ” 
. 1368E-01 
.9813E-03 
11466*03 
. 13686-01 
•9725E-03 
1<85£*03 

• 1368t-0l 
.97242-03 

12762*03 

• 1224E-0 1 
.97242-03 

1276E* 03 •" 
•1224E-01 
•9724E-.3 
127.56*03 
.1224c-01 
.96152-03 

14342*03 

•1229 E- 01 
.9614E-03 
191 IE* 0 3 
. 1183E-01 
.96196-03 
19116*03 
•1183E-01 
.96196-03 
13332*03 
. 84952-02 
• 9nl 9E- C3 
13332*03 
.89962-02 
•9619E-03 
10532*03 
.89952-02 
. 9612E-C3 
1CE3E*33 
. 6495E-0 2 
•5612E-C3 
1 C53t*03 - 

. 8494E-02 
.59802-03 
1 11 7£* j3 
.89992-02 
.9976E-Q3 
1116E*l3 
. 84622-02 
•99782-03 
11162*03 

• 24626-0 2 
.99782-03 

1115G* 03 
. 8462E-0< 
.93252-03 
11932*03 “ 
. 89622*02 
.93292-03 


•I3178C--3 — 
. 2172F *09 

“T317TIE-33- 
. 2172E*3*t 

.3176E-03 - 
« 21672*09 

764UB6-33 - 
•21736*04 

• 3310E-33 - 

• 2173E + 0** 

1 3310E- S3 “ 
•2l73E*09 

• 330 8 E- 03 - 
.21686*04 

.6309C-03" - 
.2175t*09 

.3326E-03 — 
• 2175E*04 

133262-03 ~ 

• 21 75E«09 

. 3301E-33 - 
.21752*09 

•3331E- 03 * 

. 2l75E*09 

.00536-03 

.21752*09 

'.30532-03 - 

•2175E*09 

.305 22-03 ~ 
.2169E*09 

".52622-03 " 
.21772*09 

.32152-03 - 

.2177E*09 

.32152-03 

.21772*09 

'.32146-3:5' — 

.21712*09 


.37132-03 — 
.19072*09 


.37182-03 ~ 
.18592*3. 

-.37926-03-” 

.19052*09 

-.36522-03-- 
. 1905E* 09 

~ • 3652F-C3 
. 15052*09 

-• 3693t-l(3 — 
.18992*09 

””.3398E-C3*~ 

.19062*09 

”.33926-03”- 

• 19d6E * 09 

-.33S2E-63 — 
.19062*09 

129082-03 ~ 

• 190o2* 09 

.25082-03 — 
.19062*09 

.20932-03 

.190o2*39 

.2093E-03 — 
. 1906E « 09 

-.2C9.E-03 — 
. 19 01E*09 


.6599C-C? “ 
.11526*04 


"160992“- 03 

. 1154.2*39 


— .OC85E-C3 
.11562*09 


'.*3822-03— 

.11932*39 

.58572-03 - 
. 11-jE * 09 


I5857r-t3— 

. 1 1*. *2* 09 


-. 50932-33 — 
.11302*09 


156992-03 — 
. 11382*09 

•52S5E-C3 

.11786*06 

752552-03”— 

.11382*39 

-.95972-03 — 
.11382*09 

-.95972-03-- 

.11382*39 

.33292-03- 

.11382*09 

-.33292-03 — 
.11382*09 


-133252-03- 

.11272*09 


1232C2-T3 

•1909E*u9 

721436-03“ 

.19092*99 

-.21632-03 * 
. 15052*09 

'V213SE-CJ- 

.19052*^9 


-.35806-03— 

.11352*09 


”138526-03 - 

.11352*09 


.33522-03 " 
. 113 j2 *09 


« 3 3- 76—03 
.11256*09 


. 89626-02 
•9329E-03 
11926*03“ 
.89626-02 
•93292-03 


“T3J96T--33 — 
.21802*09 


r2?z9r - 0 3 

. 19192*09 


-; 3 92 7 2 -T3 
.11256*09 


T33 966-33" 




.21806*09 .19196*09 .11252*09 
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S,, ' 


• --“569.aoni 

_ *FT ER~ 

n=2uu2' P* 
V= 

714572*03 

.470,2*00 

KH — 

h/s 

‘ ‘ STATE 

SOLVE-FOR 

735372*02 ~ 

.25242-02 
•95322-03 

'774 142*02 
.33136-02 
. 964 OE-O 3 

.11912*03 - 

.8413t-02 
. 5324E-03 

.234 7E-03 

.21802*04 

7^229C-C3— 

.1914E*04 

734f Tt-tS 
.11352*84 

— 56970007 

FEFCPF 

Hx2i2i "Ps 

.14572*03 

KH' 

" STATE 

.35372*02 

.7414l*C2 

>il91c*03 

• <£3 4/1 - u3 

.2229E-.3 

.34372=1:3 

□ 


V= 

.47002*00 

H/S 

SOLVE-FOfi 

.25242-02 

. 331 5t“02 

. 84132-02 

• 2l8ct*U4 

.19142*04 

• ll35€*Q«* 






•S5J2E-03 

.96406-03 

.93242-03 




* — ye?. oaca ~ aftef — H=zi 2 i - p=— 

‘•12 15E + 0 3 

KM * 

• " STATE 

.34702*02 — 

• 6151c* £2 

3 98512* 02 ' ’ 

7 2 178 2-03™“ 

,16382-03 

.2630E-C3- 

■1 


v= 

• 3b ORE *0 0 

M/S 

SCLVE-FOfi 

•2516L-02 

.32966-02 

• 8412E-02 

•2180E*04 

.19142*04 

.11346*04 







.55322-03 

. 964 0E -03 

.93212-03 




— 569. COCO 

- EEFcar 

H=7IZ3 P= ~ 

712 15E* 0 3 

KH “ 

STATE 

7 34702*02 ' 

7 6151 E * 02 ' 

•9891E+02 ~ 

7 21782-33 

. 16882-73 

72670; C3 



v= 

.38 09E + 0 C 

H/S 

SOLVE-FCR 

.*5162-02 

.32962-02 

. 64 12E-02 

. 2185E*04 

.19142*04 

.11342*06 







• 95322-03 

. 964 QE-0 3 

.93212-03 




— 569.00GO 

• " AFTER H=5T23 P=~ 

".12152*03 

KH 

STATE 

734692*02 

.61502*02 ‘ 

• 9889E*02 

.21782-03 

7 16B62-C3 

72627E-C3 



V = 

.38062+00 

M/S 

SOLVE-FOR 

.25157-02 

• 3*962-02 

.84122-02 

.2174E*04 

. 19 10 E * 04 

.11256*04 







• 94 0 IE- 03 

. 9535E-03 

.91482-03 




" 569.5CCC 

"EEFCRE 

~H=i212 P-“ 

.13042*03 

KM"" 

STATE™" 

.45742*02 

• 6532c *C2 

7 1 6332* C3 

•5998E-.3 

72025E- C 3 

737727-03 



v= 

• 70 38c + 0 u 

H/S 

SOLVE-FOR 

•25152-02 

. 329bE-u2 

.84122-02 

• 218oE*Qh 

.19192*04 

.11352*04 







.94102-03 

• SSoSt-G 3 

« 51462-03 




'~»69.5oaa 

AFTER 

• H = 1Z12 P= 

•1Z752+03 

KM 

— ‘ STATE 

.37166 *,Z 

• 648t>E*j2 

. lu 222+ 33 • — 

■732672-03 

717962-13 

.78712-03" 



V- 

. 4663E + 0 0 

M/S 

SOLVE-FOR 

' .25047-02 

.3*96fc-02 

. 8373E-02 

.21832*04 

.19192*04 

.11352+04 







• 94 1 j c“03 

.96395-03 

.91462-03 




! — ?69:5aCfl~EcFCRE — H=4IZ3'~F= 

71 2 75 E* 0 3 

KH " 

STATE 

.37 16E *02 

• 64 8oE*Q2 

. 1032c* 33 ~ 

7 3267E-03 

71796E-C3 

TZ8C1E=B3 * 



v= 

• *«o63c>Q Q 

H/S 

SOLVE-FOR 

. 25042-02 

.32952-02 

.83732-02 

.21832*04 

.19192*04 

.11352*04 

S 






.5410E-03 

. 95o9E-03 

.91462-03 



. 

•"-569.5000 

"‘AFTER - 

~H=4IZ3 ‘ P=~~ 

712742+03 

KM - 

— STATE 

'• 37 Joe ‘ CH 

.64842*02 

.10322*03 ' 

.32662-03 •• 

71794L-C3 .27572-03 . 



V= 

•466 CE+ C 0 

H/S 

SOLVE-FOR 

.25C4L-Q2 

• 3294t-02 

.83732-02 

.21772*04 

. 151oE *04 

• 11272*04 







.52682-03 

. 94212-03 

.69552-03 




’ — 57S.U0ra — EErCfiE“~H=1212— P=— 

71387E+03 

KM - 

‘ * STATF 

• 5Cb4E*»Q2 

• 69142*02 ■' 

.10892*03 - 

765132-03 

721602-77 

.3Z661-C3 

' 


V- 

• 75S9E* 0 C 

H/S . 

SCLVfc-FOR 

.25G4E-02 

.32942-02 

.8373E-02 

.21862*04 

• 19?6t«(l4 

.1137E+C4 







.9277L-03 

.94262-u3 

.89532-03 




575«uQCG 

AFTFR 

H=1Z12 P= 

•1348E+03 

KH 

STATE 

•35872+02 

'.69 052*02 

.10872*03 

.33932-03 

. 19422-03 " ' 

72967E-C3 — 



V« 

. 45u*£*0 0 

M/S 

SOLVt-FOR 

.25021-02 

. 32932-Ot 

.83652-02 

• 2l8oc,**iH 

•192uc*04 

.11372*04 







.92/72-03 

. 94261-03 

.89532-03 




*570#uSCu 

BEFCFE 

H-ZC3Z p= 

.13482+02 

KH 

ST,ATc 

.35072.02 ' 

.69052*02 ’ 

‘310872*03 - 

733932- C3 

7 15422-C3 

72967E-C3 

* 


V- 

.46QdF*Q0 

rt/S 

SOLVE-FOfi 

.25021 -02 

.32932-02 

• 6 365 £.- w d 

.21862*04 

.l52bE*B4 

.11372*04 






» 

.927 >£.-03 

.942tt-03 

• 895JE-C3 




~ "57a.cac3 

‘AFTER 

M=2C72 P= 

.13442*03 

KM 

STATE 

• 38c5 2- 02 

.69352*12 

•lCd7c+u3 ' ‘ 

‘.23862-03 

.152SE-03' — 

.25242-03 



V- 

.42662*00 

M/S 

SCLVF-FOfi 

.23821 -02 

•3198E-02 

.7940E-02 

.21862*0* 

.19262*04 

.11372*04 







.5271 E-03 

.94262-03 

•8953t-03 




~ '575.0500 

" PEFCRE 

~ ~H-2l2l ~P - ~ 

,13442*03 

KH" 

STATE’ — 

.38652- 02 

7 69 05E * 02 

•.10872*03 - 

.2386E-03' 

7I529E-C3 — 

779642-07” 



V = 

•4Z66E+0 C 

M/S 

SCLVE-FOfi 

•23U2E-Q2 

.3 198c- 02 

. 79402-02 

.21862*04 

•192oE*04 

.11372*04 







. 52 77 E-03 

« y4«L6b* 0 3 

.89532-03 




~ 57a.o;cs 

AFTER' 

H=212I P = ~ 

• li.572 + 0 3 

KH 

STATE 

.34612*02 

.59172*02 ‘ 

'.93192*02 

‘ .22582-03 • 15372-C3 

724252-03 ‘ 




.36532*60 

M/S 

SOLVE-FOfi 

.23822-02 

•3161E-02 

.79162-02 

.21862*04 

.19262*04 

.11372*04 







,52772-03 

. 94256-03 

•e950c-03 




573.0030 

" SEFCRE 

’ ri=4>123 P= 

T1157E*i3 

KH " 

-STATE 

r34clE*u2 

~. 59172*02 

'.6 3192*02 

•2258E-G3 

.15372-C3 

724252-03' ‘ 

PRINT 

v= 

.36522* 0 0 

M/S 

SCLVE-FOR 

•2382E-02 

.31612-02 

. 791 6E-02 

•21o6E*04 

.15262+04 

.1137E+04 







.52772-03 

.942Sc-03 

.89502-03 




570 . 6 030 

£FTEP“ 

-H=41 23 ' F= ' 

•11572733 

KK ' 

STATE ‘ 

•34612*02 - 

. 5917E + »2 

. 93182*02 

.22572-03 

.15362-03 ~ 

.2424E-C3 


PRINT 

V* 

.36512*00 

M/S 

SCLVE-FOR 

•23822-02 

.31602-02 

.79162-02 

.21802*04 

• 1923E + 04 

.11292*04 


• 51272-03 . 92952-03 . 87432-03 
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3.2.3 SIMSEP 

The SIMSEP sample case studies the last 50 days of the 1981 Slow Flyby 
Mission to comet Encke. The approach trajectory is simulated under the 
influence of control errors which directly affect the s/c motion, e.g. PG, 
EPHERR, TVERR, TCERR, etc., and knowledge errors which affect the ability 
to control the s/c motion, e.g. P, PS, and CXS. A single guidance correc- 
tion has been included to demonstrate the effectiveness of the guidance 
algorithm in reducing target dispersions. Although the scope of this analy- 
sis in no way exercises the host of options available in SIMSEP, it does 
use the most fundamental computational cycles and displays the basic out- 
put format. 

Referring to the sample printout (see pg. 119), the first page shows 
a listing of the $TRAJ namelist as has been presented in previous TOPSEP 
and GODSEP sample cases. The trajectory initialization data which follow 
define the reference trajectory integrating conditions underlying the SIMSEP 
analysis. Next, the first mode peculiar namelist, $SIMSEP, is listed and 
is followed by the SIMSEP initialization data on the two succeeding pages. 
Among the error sources are the initial s/c state (PG) , the Encke ephemeris 
(EPHERR), s/c mass (SCERR(l)), exhaust velocity (SCERR(2)), and electric 
power to the thrusters (SCERR(3)). Thrust control biases (TCERR) in the 
reference control profile and thrust process noise (TVERR) are also input 
as error sources. For this run, NCYCLE is set equal to one, thus limiting 
the analysis to a single simulated trajectory. 

Since only one guidance maneuver has been specified in the $SIMSEP 
input, i.e. NGUID = 1, only one $GUID namelist is read. The resultant 
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guidance initialization data are shown on the next three pages where the 
guidance event times, target times, active thrust control, and targets are 
identified. Because INREF = 1 in $SIMSEP, the s/c state and mass at the 
maneuver time, sensitivity matrix of targets with respect to controls, and 
nominal target conditions are input and printed. If INREF had been zero, 
trajectory information relevant to the guidance event would not be available 
at this point in program execution, but would have been computed and printed 
at a later time. 

The trajectory simulation begins when the initial s/c errors and any 
errors that act as biases for the entire Monte Carlo cycle are sampled. 

For example, Encke ephemeris errors, thrust biases and the process noise 
correlation times are all sampled to form discrete "actual" values for the 
current cycle. These actual values and the corresponding reference values 
are printed as part of the actual trajectory initialization data. 

The only maneuver in this simulation is a non-linear guidance correc- 
tion scheduled to occur 567 days from launch, or just 24 days after the 
beginning of this Monte Carlo simulation. The active thrust controls are 
the cone and clock angles over the last two thrust phases (ten days each). 
The designated target time corresponds to the reference time of Encke en- 
counter (593.5 from launch); this makes the duration of the guidance event 
26.5 days. First, the orbit determination process is simulated to deter- 
mine the estimated maneuver state; that is, the knowledge covariance samples 
are added to the actual state. Then the estimated trajectory conditions 
are propagated to the target stopping time, and the resultant target condi- 
tions (X, Y, Z relative to Encke) are computed. The miss (target variable 
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deviations on Page 130) is approximately 16,000 km and the quadratic error, 
Q, which must be driven to less than one for convergence, is 39.2. 

Various trajectory related matrices, f '.<St and ^ , are printed, along 
with the guidance matrix computed from these sensitivities. The first 
non-linear guidance correction (printed as "UPDATES" at bottom of Page 
130) is estimated (.0593, .0072, -.0774, and .0105) and causes the 
estimated trajectory to come within 3000 km of the desired targets. The 
quadratic error resulting from these trajectory corrections is 1.4. 

Although a maximum of five iterations would be ailowed before the mission 
would be declared divergent, the next set of thrust control updates brings 
the estimated trajectory within the 2500 km target tolerances, and conver- 
gence established. The commanded and executed thrust control corrections 
are printed, and the actual trajectory is propagated to the final time 
(TEND) since there are no more maneuvers. At TEND, a Monte Carlo mission 
summary is displayed showing the final trajectory conditions. 

If more sample missions had been requested and run, additional output 
in the same format would result (if requested) as the computational cycle 
proceeded. This would, of course, include the sampling of initial errors, 
data for the guidance maneuver, and summary print. In the event that 
more than one mission simulation had been executed (without guidance diver- 
gence), additional output is displayed after all Monte Carlo cycles in the 
form of accumulated statistics (means, variances, and correlations). In 
particular, state error covariances, s/c mass variation, estimated control 
•correction covariances, etc., would be printed and punched (if requested). 
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GUIOAnCF EVENT NUMBER 1 
••*•»• XJ.PKT HAT A •**•»** 
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2444550.1547*1 


N) 

Ul 


TOLERANCE - - 

. 250J30CACCO*£*04 KM 
. 25DOoaooaGC3=»OL <H 
.25900. 00 '3Gb0£*04 KM • 


EFFECTIVE TARGET planet FOR THIS GUT03NCE EVENT IS ENCKE 
EFFECTIVE FpHrMr-xjr PLANET FOP THIS r,UI9ANC c EVENT IS ENCKE 

rue GUIDANCE u»« FOR this EVENT TS uON THRUST-NONLTnEAR WITH 5 ITERATION^ 

SEdSITTVIty MATPIOFS OF TARGET CHANGt P P R CONTROL CHANGE ARF COMPUTED ?Y INTEGRATING VARIATIONAL EQUATIONS FOR 
30T» T “RJLSI VF AN3 LOW THRUST GUIDANCE. 

ACTIVE TM9IJST CONTROLS FOR THIS GUIDANCE fvsst’ 

- -- - - ■ THRUST PHASE NUMBER CONTROL VARIABLES- 

9 CON r ANGLE 

9 * Clock angle 

10 — — CONE angle 

10 CvOCK ANGbE 



WPTC“TS S»£CTFI£0 ro» EACH CONTROL VA^IAOLt . 

• 1306iT!333flC0E*Jl . 10 OOOOOfl D900E*01 


• 100086030 Oil OEtOI 


> 18080000003 CE*C 1 




NK*"rifcs» ^ 


-.*io«C3TCCin"?>au 

• IT^OC 90C9 C r C=>00 
.69999 , '999C90 C *0'< 

-.t2C3' , C105')?-J£»0n 

• 2V , 9 0 03C')9 00r-ul 


-.'"■oo35' , '!raose«-oa 

.23l40303:900 , ’ =+92 
-. 7c?inc?30a03 = 700 
-.t23a i ;a«ooaa''£»oa 
.■'•'ooooo'niooE.oo 
-.5ooaooooon3''£*ao 




.44iG9?j-';G"OE>G3 

.i5O1O , ’GCJ00C£70G 

.99'*9G339' , 331*7; I 0 

-.44*999C9CC0e£700 

.7j999GJfl9D00E-Ol- 


.^loaooGoojaoETic 
.7640aC200 n aO=703 
.52.000C005030E700 
. 97J93090000QE«flQ 
-.eeoGocoaoojOE.oo 
-ii5aoae9oooooE+ao- 


CX5 ma * pjy 


»UG-» 


. 3218?9:>a00a0=*C4 -.9389125400 0CE.3 7 


■•9l *912540000 = 7Q 3 .53545 °6 00 0 ft 0=703 

— 1 3 . -■ ■“* “ G • 

•?7456752 7 005E7D3 -.68 05 667:180 00 = 703 


.iTaaGjoaoJG3E73C 

■.79CGOocoajno£tGa 

.S 7 27300C0J1CE*32 

.i35aoacaoaiaE»oa 

•.323oaaace305£»ap 

.esoonoofloao^oa 


.5900G0CDCaaOE»u0 
-.420030003000=700 
. 130C030GO0DOE»GO 
.278C03030J00E-C3 
.130CGOOOOOOJ£*GO 
. 3009 000 00 00 OE—3 1 


•350j03030a00£*00 
.5?ac3laeoaaoe*ao 
.363000000 J30E*03 
•573003000330 E+ 39 
■•4300000 OOOOGE-QO 
-.6303000000 JO E» 00 


•903C03C00a0O£*30 

•37ar0003300C£»SO 

•57acaoaoacoct»oo 

•691b0300000CE~C4 

-.673000000030=700 

--.i7oooaooooooc+oc- 


• >• 4Q3 033J 3C00 E 730 
•8 oG 33 OOuO 330^700 
•430D033C0333270G 
.6703003000 30£700 
.105300000300= -03 
.15oa00330QOJ£700 


.274 567527 00 0E*03 ... .93348546003 0E-C2 

o . 0 • 

-.6SQ 53673833 0F+03 -. 2701326400 OOE-O 2 


-.15112a72jc3C£-C2 


# 9334354630 G n - “02 -.277 1 824*00 00E-02 

. Z • 0 • 


“ • i51 12 3 7 2 003 OE ”3 ? 
— 9. 

. 22351623 O'! 0 3 £-C3 


.1933719690095-02 

9. 

-. 22792QGOOGOO£-02 

0. 


,1335072°0300E704 

3. 

•1345492 20 300E-02 

0. 

-.264481920000E-02 

0. 

.496733030 3 JOE-02 
0. 


.134549229COOE-02 

3. 

.772P403303GOC.-07 

0 . 

.3 3 2303000000 E- 06 
0. 

• 1642980030 Q CE-06 

0. 


'.12CJ30300COOE735 
.37300C030303E73S 
-. 323003C00303E730 
.13000u330000E.OC 
.2220J0303D0JC-33 
■.410000000300=700 


• 2333S30 J 33 03E— 01 
“. 53333303 3002E750 
.633000030302 6*00 
. 33 OOOCvSO 333E-31 
-.4133000300 03 £*03 
• 197330 030 3C0E— 33 


.22333302023 OE- 31 
-.15233:030303 = 733. 

633332333303=700 - 
-.173J3C003223£» 01# 
.153S3C2J33C3E700" 

. 51603000 030 « E— 04 — 


» 1 44 2 12 643 0 39 1 #06 


.1 7.'4;n00rC0E*96 . ?03 5?364Q 3oaE7 

0. 9. 

— - -■•’05V23649C05E796 -.56 7 6“4003000E< 

C • 7 . 

•56??905930CuE>C6 . 144212640 039 f 

o.- - a. - 

#277 £57900000=- 01 .4592938 33 COOE* 

9. 3. 

- — '-'.203742599006* -01 689392000 OOOE- 

«• 0. 

.455112099COOE-93 -.591336910000E- 


06 .5602915000COE705 #274257900000=- 

5. 0. 

0 6 - — .144212640003=706 — . 4 592938830 OCE< 

7 . 9 . 

06 .131769003030=706 . 142974813C3GE- 

0 # - 3# - 

01 .14297.813000E-01 .4774610000C0E- 

0 • 3. 

01 -« 16389450 000 OE-O t — — » 4661 185000 Q0£- 

0 . 0 . 

22 -.11 80 040 49030 E- 01 -.60&14520000CE’ 


-.45929388300CE- 


. 142974813C3CE- 


.45329383OC00E- 


.47746 100 000 OE- 


. 193 371960C 03 =-22 
— - - 0# 

-.2644 8 192 00 00 £-02 

0. 

.6 C230SC3C303E-08 

3. 

.49 2843033003 £-37 

a. 

-.1793G9400S30E-07 

0. 

0 . — 

01 -.23374200000CE- 

0. 

01 --?■ .68989237 03 S3 E- 

0. 

•31 -.163394500000=- 

3. - 

08 -.46611853 33 33c* 

0 • 

o« — .no25oaaoacoE- 
0. 

09 .5127uOO0DOOOE- 


. 22351 62 J3000E-33 — 

3. 

—• 227929000000 E-02 

0. ~ 
. 498733083 0 3 3E-S 2 
0. 

.16*29 8003 03 JE-8 3 — 

0. 

-.1793 39430 003 £-0 7 


.388397033 300E-37 

0. 


•4551120 3 GC83E-03 


“»5913363aC 088E-02 


-.iiao39o*co:s£-si 


33 -.606145200033=- 39 

0. 

07 .•i27csaaae39C-89 


#266256aocoaae-9ft 



EIGPNtffCT')'** 


.4713065579716*1,0 . 22U77594637£*00 -.3180738617021*00 -.1215916243212-0* -.823273713912E-05 -.6095797348312-05 

j » 0. 0. 3. 0. 3. 

•• -.79'l-»7868!*i e *C3 .891445166A9*E*10 -..31761333 7506000 -.379671620 7302-04 -. 361 1980520 952-04 -. 26732971621 lt-06 

0. 3. 0 « 9. 0 • 3. 

• £137'*2;57i36 0 C *C3 . 795.8’!7<>759E«-00 .9933521143770*00 165329099466E-04 - .122 3173 37341E- 04 -.13323 66976332-06 

" ' 2 . 0 . 0. ~ 0 . 3a 3. 

-9 .7 70 2166835563-05 .3289183391692-04 -.5862098152532-06 .9766334970432*00 -.1987779266162*00 -. 52-.7333133272-51 

* . • 3. 0. 0. 0. 3. 

* — * T 136667 466232-06 . 5t75-.S?87777e-06 -.1626286139661-05 .1905535567B4E+0G .7611977060612*00 . 5966909669232*01 — 

0 . 0 . 0 . 0 . 3 . 3 . 

. 5563962711662-06 -.1313679324232-05 .3333162021181-05 -.771753366052E-01 -.59l79l755909E*80 .8023879393362*08 

9 . 0 . 0 * 0 . 0 . 0 . — — — 

0 . 0 . 0 . 0 . 0 . 0. 

. 9 0777 2 T 99 66 2 ?. 3 0 .37O9l9598«62E*00 .1780 0 6563 8762*00 -.90 21985675222-07 -. 3950 1 1225996E-3 7 -.1553300632532-07 

0. o« 0. o. * a. 0. ~ 

-.3065917133962*03 . 8886661673722*90 -.36282 32237272*0 0 -.5030765389992-0 7 .1268979933672-06 -.11093J66-.7332-87 

0, 3. 0. 0. 0. 0. 

- •* - -,2333963l2725 r *00 - .2569973353952*90 . 92237 3721 80 02*0 9 -.163270 0658172-0 7 -.5601375682792—39 . 1 luS4?912276{»-S6 

9 . 0. 0. Q. u . 0. * 

•629*197232716-07 .7698077176396-37 . 26116282S236E-0 7 . 99395813 J316E*0 0 .6921377017382-01 -.8514616309032-01 

0. 0.: 0 . - 0. 0. 0. ■“ 

.6725326250365-17 -. 1027100721062-06 .5515269836232-37 -.7377836276392-01 .9959361090722*00 -.5165237827062-81 • 

0. 9. 0. Q. 0 . 0. 

a - .5216936325252-07 ». 1 137796699632-0 7 ---. 9862973065562-0 7 .3126639036922-01 - .5762569-.-.781E- 01 .995J2527«,5l9E*38 t- 1 

N5 

-J 

£»G9lV*VJ c S ■ • • - 

.7636t59663935»36 .5535 7 628 628 52*01 .1530130683262*06 . 651k ‘•6273583E-07 .3054320724576-07 .1699620096352-87 

• .10'*719897h06£*S6 . 7132652557942*06, - . 88980 3463 1192*05 .5, •9222533936-10 —.2761132066942-68 .161636436115E-0S 

* * * 

IC«22 « , 2'3'JI="*)tNT5 FOR THI« J09, 077410 05TAH 

ftF,45 T H 1® 9LSM< roi«ON FO® THI* JO®. 001713 OCTAL > — - • — 

• •••»••**»•*••••• M* •»•♦»•»»••«••***•••»•••*•.>•»••♦*•*»***»• 

■' F N .-> of SIHS2P -INPUT * - - 




MONTE CARtO CYCLE NUMBER 1 

OijtouT SATA FOR THE ACTUAL TRAJECTORY AT TRAJECTORY I NITI ALI7AT ION 


S/C STATE VICTOR AT 

- ...... v 

7 

..... yy 

VY 

V7 


TRAJECTORY T t HE = 5 AT, 
ACTUAL 

.194e43919023EO9 
. 14 08498 46964E - J 8 
. 314214644455E.0* 
-.224036431376EO2 - 

. 318 C 9284 US 8 PT.QI 

1456A97 40 329E-6 1 


00300 OAVSCJ.T.S 2 

reference 

.194843839562EYC9 
•84j846525632E»f 8 
.T1421Fi02'’70E»( 8 
-• 22404 2728 705 E* G2 • 
.818889592289EI-01 
-•1414033412972- Cl 


44499 . 65474 ) 

DEVIATION 
. 109460810661E403 
. 331133 le06l8Et03 
••757614690065E+02 
.6246820100292-03 
.32523 9977315 r -04 
-.226639953224E-Q»3 


KM 

KH 

KM 

KM/SCC 

KM/SEC 

KM/SEC 



SA-PL-o S/C-SEP pA°Am£TERS 


C/C Sc 

. „ 

ACTUAL 

1551.15804 

REFE°ENC 

1551 

E 

.15380 

DEVIATION 

-.00077 

KG -- 

EXHVJST 

VELOCITY 

29.41857 

29 

.41830 

.30057 

KM/SEC 


POMP® 

21.65059 

21 

.65000 

.00059 

KM 

deviation 

OF THE ACTUAL 

THRUST CONTROLS 

FROM T«E REFERENCE VALUES 

after sampling 

THRUST BIASES 

ST 

TH°UST OHASR 

THRUST PHASE THPUST PHASE 

THRUST °HARE 

THRUST PHASE 

THRUST PHASE 

DHicr 

END TTHE 

THOOTTLING 

CONE ANGL F 

clock angle 

CONE RATE 

Clock rate 


( 0 A V ) 


(DEG) 

(3EG) 

(PEG/SEC) 

(OEG/SEC) 

* 

O.ijlAArl 

-.100509 

• 023946 

.002385 

0.020010 

O.OGCCGQ 


n . 0 0 C 4 0 0 

-.000282 

-.002368 

.008564 

0.006000 

0.000030 

lu 

c.oeoioo 

-.001019 

. 0P232T 

-.004897 

0. 00L000 

0.300000 

11 

0. CO 0300 

0.3 00000 

o.ooooro 

0. .100000 

0.000800 

0.000000 


»Err°P3CALS O c OIAGONAL EL E"ENT S OF TH r THPUST PROCESS TTHE CORPEL AT X ON MATRIX 


rt^T F 9 O r ‘ c 3 c r 

2.0110606269 

. 1202974245 

.1202714190 

{DAYS! 

S-<~/v*4n D ^OC r S c - * 

i.o n co n oocoo 

1.0000909001 

t .0000000003 

(DAYS) 

7NITTAL VALUES RQ 3 T W F 

THRUST poor^CS NOISS 

. 



— ' • - 

FIRST D30' , FSS 

SECOND PROCESS 


... 

THRUST MAGNITUDE 

Q ft i954dd?7 

0. 0 0 7*0013 i 



CONE AJIG." (DEG) 

-.0413151942 

o.jrorcoojo j 



CtOCK ANGuE (DEG) 

-.2^65761609 

0.0000000000 - 





PTPST roHEH^nS 

planet 

IS F.jr <r 






ST ATP 

HECTOR 

FO° THE EPHEHERIS 

PLANET AT =91.5000C 

DAYS ( J. O.R 2444550. 

£5473) -- 

Bte~ 

.. 



ACTIJA). 

D EF"P"NCE 

DEVIATION 





V 

,637 c 6ie 7 4u’jErA8 

•637955A14368E-C- 

.6839652259152-03 

<H 

£ tsi 


— -*r 

V 

. 955750il>A87C*-05 

.95576S157296i-0f 

. 2658 3°l44230t4 C3 

KH - .. ... 


. ,m— 


7 

.’40P31345784E40 8 

.24Cao0356655E»0F 

.293912932754E»03 

KH 



vx 

• 41 3 953^6“ 11 2E yh 2 

-.4189543 6129 2E4-07 

. 7959797517291. 04 

KM/SEC 



** ^4—. *• -■ 

VY » - 

.85 68137 42 451 E»il 

-.86o815907743i-Cl 

• 21652921475.4 04 

KM/SEC. . 



»». . 


’/ 7 

.58 103150 1194F4-81 

-.551090535 28 OE«-01 

- • 9 6 5 9 1 3 6 3 3 *7 ,’Em 0 3 

CM/SEC 




— KEPLEPIAN ELEMENTS fop. 

THE EPHEmeRIS »LAN'T 
AC T IJAL 

EVALUATED AT 593. 
REFERENCE 

50000 riAYSCJ.n.- 2444550.15478) - — 
OcVlAYION 

SMJ AXTS 

,3ll81-»i43589E*09 

... ... . . A47A.t? 1 

.331B361267C0E-09 
- - - .347 JO-Oi, 

1 1 . 95 0 3 6 0 C 

.46l6Sd93fi*43Ef04 

KM 

IN- 

1 O M "J V 4 V 

11.9500946 

• UOt/Vb A 3 

.0000946 

DEG 

NO' ,r 

334.2001899 

334.200)010 

.0001699 

DEG 

APSIS 

'185.9998745 

— 1*6.3000000- — -.0001255 

OEG 

MEAN ANO 

351.0950763 

351.0949463 

.0001301 

DEG 








MDNT = CARL^ CYClE NUMBER 1 
GUIDANCE EVENT NUMBER I 
OUTPUT DAY A POP GUIDANCE EVENT 


GUIDANCE E V£N t ytm£ 2444527.66478 A T 567. 01000 OAV> F* OM LAUNCH 
DESIGNATE" TARGE t TJmf 2444550 . 1 54V8 AT 59T.5309J DAYS FPON lAUNC-H 
DURATION DP THE GUIDANCE TOAJECTO»Y 15 26.49000 DAYS 


-5/C--5T*T£— VECTOR - a T-T°A JE r TORY TIME » 567.01000 OAYSCJ.D.* 2444523.664781 


5/C MASS 


ACTUAL 


°EEER2NC r 


DEVIATION 


X 

.14194B90V3,' •♦09 

.141936714T99Ey0R 

.419392983818E + 0<v 

KM 

— v 

,9o87 » j5461 37E.J8 

.963736907210 E'Ot* 

•436189266968E*04 

KM 

7 

.T0155.h43475Ey34 

. 3j 1565 9T94 57EF 0 8 

—.1149598231 5SE+04 

KM 

VX 

-.288 c 7324T834Ef02 

-• 288998 06195 0E»0 2 

•197981458314E-32 

KM/SEC 

. yv 

.TGI05»70149JcF31 

. 362308T3557d£F0l 

• 250 36591 5362=-02 

KM/ SEC 


-.133C9737494TE*01 

-. 1730277412835.01 

-. 696335596878r.03 

KM/SEC 


1493.55679 

1493.42647 

.13032 

KG 


E5TIMAT-D S/C STATE V£CTO D FROM SIMULATED OB9IT DETERMINATION 


— S/r_MAS5- 


r ST TM AT c 


ACTUAL 


DEVIATION 


V 

- . 14154. B33741E^39 

- .141940903329Py09 

• - . 2541208 8 394?£*02 

KM ■ - • — 

— 

* 

Y 

.9667*33150 4 5tV08 

. 9687 80 4461 3 7£y 0 8 

.26S907852173E+02 

KM 



7 

. TC155.37923‘*4E+0 8 

. 30 155 R4. 3475 E* 3 6 

-.651133414009E+02 

KM 



VX 

- — .2885 7 a3432u8Ef02 

-.288978 26 3804£f02 

.391S59455895E-03 

km/ssc 


— 

VY 

.16T107284?67E.oi 

. 36T3 58 70 1 4 93E» 0 1 

.435837738479E-03 

KM/SEC 



V7 

-.1731240 252 46”»0 1 

-. 133097374843£*01 

-.266534C29121E-03 

KM /SEC 



. 

1493.42647 

1493.55679 

-. 13032 

. KH - - - 

_ . . 

.. — » . 


ESTIMATED E°M£M£RIS PLANET CApTcjTaN STATE PREDICTED T D TRAJECTORY time 593.50000 OAYSM.D.* 2444553.154781 


PSTTMATP 

X .6T796T240308£r38 
» . B557544’3B72E*08 
7 .... .P-.08843 42362P + 0 6 
VX -.4U953263933E*02 
W -.»66P44591649E»01 
VZ • -.551C9574448TP.Q1 


ACTUAL 

.637S61974U73£r0 i 

• 95575w.816o b7 £-0 I 

• 24C883345/64H*-0 1 
-. 41895T565312E402 
-.866833742451Er01 


DEVIATION 
.116628831 3d T £* 03 
.3605284R6729EO3 
.69b578236dl8E»32 
.TO 140442740 7£»04 
*.1084919755 39 £-03 


-. 55109150 1194£*01 — .424528858787E-04 


KM 

KM 

KM 

KM/S C C 

KM/SEC 

Km/SEC 


KEPLERIAN ELEMENTS FOR THE E°HEM£RIS PLANET CVALUATEO AT 593.5C000 DAYS(J.O.= 2444550 . 15478) 


SMJ AXIS 

PC- 

TNC 

NODE 

APSIS 

MEAN-ANO 


actual 

.33iei66P944Qp»0O 
.8470349 
11.9500822 
334.1999469 
184.00014.44 
151. 0952914 


Rs.Fl.RENC6 
•331812747589E.09 
.947302.! 
11.0503946 
334.2001891 
185.9998744 
— — 351.0950763 


DEVIATION 

•595585355751E+34 
. 0000026 

- -.0300125 

-^0002430 
.0002899 
.0002155 


DEG 

OEG 

«EG 

DEG- 





129 


M •< * 



esttmateo trajcctorv cpMoTtioNs for nonlinear taogettng 
ITfrattcn NUM 9E» 1 


TOA JcCTOPV STATE AT 

593.50006 0AY3(J.9.= 

2444*50 . 15478) 




Fcf T m ATE 

St'a^NTE 

DEVIATION 


X . 

.9o326*0299l2 r .04 

-.3026713301772.03 

.1313527212932*05 

KM 

Y 

. 113279314 3262.95 

-.235564*931792.03 

.11542 99603032*05 

KM 

Z 

-. ? 7 479 26 25 7 132 »0 4 

-.1340062496662.63 

-.3063920002462*04 

KM 

VK 

.2052o9349651F*Jl 

.20489501893*2.01 

. 374330 71 7028-E-0 2 

KM/SEC 

vr 

.1957969439112.91 

.1953374479442.01 

.459495966794E-02 

KM/SEC 

i/Z 

. 11 4 r 6479 3 5792* 01 

.1140622378712.01 

•2502 7 B753455E-04 

KM/SEC 

S/r nas^ 

1443.42747 

1443 .42509 

.06209 

KG 

TARr.rj */A*ra«LES 

E'TIhAT.E 

RFFER2NCF 

OFVIATION 


X 

.93326J029912E.04 

-. 30 26 7 18TD177E+L-T 

.10 135 272129 32.05 

KH 

Y 

.1136703143262.05 

-. 2359645981791.03 

.1154299603082*05 

KN 

7 

-.32479. 6252132+04 

— . 1840062496662*0 3 

-.306392000246E-04 

KH 

CUAORATrC FRROO FUNCTION TO MEASURE RATE 

OF CONVERGENCE 

* 


0 * .39.563366*8542*4? FOR ITERATION NUMBER 1 





»h t matpijc oter t pa j2: t ory arc 5 & 7.01909 to 59 7 .509oj oats 


7 ... 

Tie 

, /v 

V” 


.l'!6*'’ 7 276255E.ei 
. 1459913661 . of-PO 
. 42267 7 i3213iF-ri 
.63371,56976. 6 7 -C7 
.151141. “8777C-C6 


.14 C 242125:;5 7 E.C;) 

.i3 7 438?n3569E.oi 

.3^02669797032-01 

.154E62889187E-C6 

.559553411611E-C7 


.3923035211712-31 
.9131192135012-01 
-•9343il 7 9756'.E*uO 
•91 33972252732-07 
.9731956699822-07 


.-.4 141*113 7 29r-C7 . 460 J 7 5 31 5352E-0 7 -.9527165951616-1.7 


TKETA «A T =IX O/E 7 Tpjjrcrn D 3 ARC 567.31000 TO 593.51000 OATS 
<*LL "LCMCtlTq asr Ti* r»:Tr°NAL UNITS) 


CO’lc AnGle 

V .6 7 4}6i6.45A72.G r 

V -.*526 9»1387l9r.r.6 

7 .9 1'"” 31269 692- 0 5 

V* -. *9 7 1051«23:i£-02 

V* -. 4*1554734 7 0 7 2.GQ 

V* . 6*330 217» 7r 62-P2 


CLOCy AUGLE 
-.9351-* 71175 95EtC K 
. 1927511593512. G5 
.39 7i .20 3617532. C 6 
-.9768381193552-01 
.99 6 Q 9 5l369 T l£-P2 
.193547944772E.0C 


CONE ANGIE 
’ . 16173666534 ’E TO 6 
-.50258 n C2693.£.j6 
•5623350531652+05 
. 15395413958 JE + 00 
—.5095017713512*00- 
.51637835081 'E-01 


V T 

. 2 *3 2 573 625 3 SET 07 
•130136073461E»C6 
-.3654122391692.05 . 
.1092054275012.01 
.2095156089342*00 
.5598157189462-01 


CLOCK ANGL 2 
-.578C939621962TG5 
.399770833626E.04 
.201155751.524E+C6 
..5667301767952-01 
• 330 539125Q 42E-0 2 
.1976533324432.00 


VT 

.. 13C71933o5902t0d 
.2324523201552.0? 
—•■3735661530282.05 
.2054500016512.03 
. 1092381191822.01 
.6431041345612-01 


VZ 

•3463493936432.05 
.3318373702502.05 
.2204390652402.07 
.5 439714 92 S3 2c- Cl 
.6511123452732-01 
.5713J9216905E.se 


ETA «A t *TT AT TH= TAPGFT Of) TNT - ... . - 

(ALL ELEMENTS AP£ IN TNTERNAL UNITS! 

v T Z 

.■,i»0C3'»i)500D£.Cl 0. - - —8. 

«» .lOOCOinOODOiE+Pl 0. 

o. o. .lOocotonoioccTOi 

rAPGET7C0N''R0L crMsiTTVITT vatpix( 3 y 4! 

CAtt ELEMENTS A=E IN INTERNA,, UNITS) 

SOME ANGLO CL OCT ANGLE - CONE ANGLE — 

X .62 -.061*249472.05 -.98514 71175392.0 5 . 16173 66o5347E *06 

Y -. 85?5?8 1 7 3 7 19E + £ fi . 1927G11GTT 33E» 05 5C25 ol 0259342.06 

Z .415°33I26464£.C5 . 39342 jT 61 7 532.C6 .562I3505016GE.C5 

GUIOANC" “« T »r»( 4 Y 3) FOR NONLINEAR GUIDANCE CORRECTION 

1 ALL 2LEl r NTS ARP In INTERNAL UUTTS! 


VX 


vr 


vz 


-0. 

0. 

0 • 


0 .— 

0. 

0. 


c. 

5. 

0. 


—CLOCK ANGLE 

-.5780439621962.05 
.39977083362oE. 04 
• 20 11557505242*66- - 


CONE AUG' 2 
CLOCK A"GuE 
CCN 2 ANGLE 
CLOCK ANGL £ 


-. 441.9764 4 29 r 3c.-05 
— ..32*13 77 6699 r -Q5 
• T 43554203wl6£-05 
7 23 551 72221 52-0 6 


-. 1548219132110-05 
.9617483581 34F-07 
.6 7 9u92605. 222-06 
46646 386 869 4E -07 


-.10399-' 9987842-05 
.19432 r 412083£-05 
.19111: 5261992-05 
.8518565543602-06 


n 


ESTIMAT20 CONr=0,. CORRECTION FOR TTEP.ATTON 
OLD CONTROLS 

— — cone ANGLE . ?6?°16 393 5262*01 

CLQC< ANGLE .139626340 16f)E »11 

Z ONE ANGLE ,27366')6ie l i;ii, 1 ;,3i 

— - * Clock ang«.e . 1361 753006102*01 


IN INTERNA^ 1 NITS 
UR0AT2S 

• 593? 73 1 6 31 "*2 i- 01 

• 721895 .7 31 43 E-Q ? 
-.TT3394833076L-01 

♦1048185912672-01 



NEW CONTROLS 

• 2683491301522.01- 

• 140 343 23 543 T£ *01 
.26o870748173£*01 
. 13?22 14365422 *01 


uo 


SSTI“iT20 *04 JfCTOPV CONDITIONS for NONLINEAR TARGETING 
ITERATION NIJH9E® 2 


TRAJCCTO^X STATE AT 59*.53l 03 OA*S(i.O.= 

E2TTMATC 

- * .2-8?41891374E*04 

v . 5055' , *>'?ne>03e»G 3 
7 .5586 427831652*0 3 

1 ... vx .204148 *9434*2*41 

V* .1969744425722*01 

V7 .1141*465»06TE*0i 

S/C IASS 1443.42693 


2444«=50.15478I 

REFERENCE 

-. 3.2671831177 £*03 
-. 7359645981792*03 
-. 184006249666;*03 
• 23 4 8950 1 89342*0 1 
.19 r 337447944i70l 
•114062287a71E*01 
1443.42539 


DEV I AT TON 

*2795094741922*04 KM 
.7415136117822 *03 KM 
.7476490328312*03 KM 
,7466245924152 *02 KM/SEC 
.1636994627701-01 KM/SEC 
.7257021178262-03 KM/SEC 
.00124 KG 


T»°GET VARIANTS 


ESTT-ATE 

.2482418910 742*04 
.5055360136032*33 
.55 66427831652*03 


REFERENCE 

-.3026718*31772*03 

23G964 C 98179E+Q3 

-.1640062496662*03 


DEVIATION — 

,2785090740922*04 KM 
.7415006117872*03 KM 
.7426490328312*03 KM 


9UACRATTC ER“OR FUNCTION *0 MEASURE PATE OF CONVERGENCE 

O * .3973633668542*0 2 FOP ITERATION NUN9ER 1 - - 

1 * .1417292988542*01 FO» ITERATION NUMBE® 2 

P M T MAT9IV OVFP TP4JFCT0OV AO'~ 567.31000 TO 593.53C00 OATS 


.136S76I56T39E.C1 

. 144736J4t,oo t ..30 

, 4?Z65®*3*367E-C!i 
. 53234639*2302-0* 
.1593707890467-66 
.4*14152749552-07 


.14532148563 SE+O" 
. 137458’3174?E*01 
•397147 9579 82-- Cl 
•l c 41*29C3513 r -G6 
.5632*00106902-07 
. 45921 560 268 2£-C7 


.3 923675* 4 2* 42-01 
•4143366540762-01 
. 9 0*14 55 3 1 43 l£ *00 
.4140230464572-07 
.4737750489922-07 
-.95’991183397£-07 


. 2332759439152. C 7 
.130 30 73747672*06 
.36531739350CE*C5 
.10423J54 97 722*01 
.203691806792E*00 
.5599072669652-01 


. 1308164155312*06 
•.2324513856-42*37 
. 3732633445692*05 
.2055918999932.30 
.1092832320662*01 
.6429847733592-01 


.3493577965672*05 

.3821828225312*35 

.2204427706452*07 

.5436397255922-01 

.6513392755162-01 

.8719222743442*00 


-TMfTA - mAtpx* 0V2“ *KA|fC70PV ABC 567,01000 TO 
{ ALL nE^TS »’F T" INT-RNAL UNITS) 


rc *is Aur, u r 


CuOCK A N Gu r 


11 ■’15381*2 022*26 -.5549534011922+05 


-. "4?6'> 391'’ 33FF + T6 
. 487*0 676394 * C *C5 


.1361749058t*F*US 

.35171007953*2*06“ 


,1939776917262-01 -.4188307*76922-01 


-.-*2 953701953 £» 00 
. 11401 48 217 + * 2- 01 


.7347871170192-02 

.1774907580332*00 


593 .91000 OATS • - 

CONE ANGlE 
U2«01?0792o6F*06 
-.5151006144422*06 
•415816° 176* *2 *05 
— .11852 96 3300 52 *03- 
-.5242133127692*00 
.3641943893262-01 


CLOCK ANGL C 
»• 6565 232576632*0 5 
• 28 18291 591022 *0 4 
.2343269227352*06 
-.5460 863967642-01- 
•26J41378C846E-02 
. 2314 653539312*00 


ETA NU»I* AT the TA°GF* oot«t 
TALL FCEMTHTS A°c IN INTERNAL UNTTS) 

■ x v ..... .. . 

X . i n S 3 *00 3 00 0+ 2* 01 0. 

V 0. .1000303000302*01 

7 ", 0. 


• 10300 003 33002*01 


TAOGE*/ r 0NTR3L C;.*'SITT V*T Y “ATPIXT 3 X 43 

TAlv 2«.EM9*'TS A °2 IN INTERNAL UNTTS) 

CO'iE ANGLE CLOCK ANGLE CONE ANGLE 

V + U*t®.S , 17*32 c *e<» -.864u5G4<'ll , >22*C5 . 1283 130 7 929 6H *0 6 

f -. 84*659519**62 *06 .10 61749058172.05 5 15 10 061-442* *0 6 


CLOCK ANGLE 
-.656523257663E-05 
•2 8182915910 2E* 04 


.48*3867639472*05 .3517130*95372-06 .4158169176322*05 .2343269227392*06 


G<JI0ANC r MATRIX ( 4 X *» r PR NOMLINrAR GUIDANCE C0R9 r CTT0N 

(ALL r L-1 r NTE to£ In InTtpnAL IjnITSI 


COMF ANGL r 
CLOCK A»iGL r 
CONE 8NGLF 
-GVOCK-ANGLE- 


-.97*3058 28 5*— 32-35 
.10 64 0*92 36 T22-U5 
. 15 8788820 0 OTE- 04 
-.2397155333 842-05 


-.2623714990512-05 
.*2086856824*2-06 
. 2*54665237402-05 
-.3539644443162-06 


■.2423777197622-05 
.2230572305092-05 
.40150 6459 *31 £-05 
.7112341668392-06 


FSTIMAT29 CONTROL CORRECTION FOP ITERATION 2 IN INTERNAL UNITE 

— — — — - OlO CONTROLS - UPDATES — * NEW CONTROLS - 

COM2 ANGLE .’68e491T3152£*01 . 307620976339£-01 .2719253399152*01 

CLOCK ANGLF .140*452354*32*01 -.4667874578832-02 .13986?447976E*01 

tO*)9 AHC.LC .26467674*1 *AF.*01 4»O6K0450665E-g 1 .76117654JT.69E.01 

CLOCK A**Gl€ .1372234865422*91 .6410357553042-02 .1378645222982*01 


131-A 


/■**** 


ra T,4 tup hOnlTNcAo GUIDANCE ALGOOITMM AFT c R 3 ITERATIONS MTTh Q0= » 20 80E+OG 

ESTI“ST;t trajectory CONDITIONS c 0R NONLINEAR targeting 


ITERATION NUMBER 3 




— ■ 

T»»JECTORY STATE AT 

FRY. 5F3C3 flAYS«J.0.= 

2444550. 15478) 




£«-TYMATE ' 

REFERENCE 

oeviatiqn 


X 

•6842228Y6733E.13 

-.3026713301775.03 

.9868946669105.03 

KM 

.... ..... V 

- .384164455.145*8? 

-. 235964593179E. G3 

. 274581 04372QE.03 

KM 

2 

.31674o513J09E.03 

-.134036249666E.03 

• 53 3757762 675E. 03 

KM 

vy 

« , '’3f895633?15.01 

•234895L13934E.01 

■..120 543561795E-01 

KM/SEC 

VV 

.19811275.745F.01 

* 1953 374 4 794 4£. 01 

•277530640057E-Q1 * 

KM/SEC 

vz 

•114T9529866uE.91 

.1140627373716. 01 

.330 107892 95 7E -03 

KHASEC 

S/F HASS 

1443.42622 

1447^42539 

• 03 0 83 

KG 

TA»r,rT VAojaBcES 






ESTIMATE 

REFERENCE 

DEVIATION 


Y 

.69422287673y £ .33 

-.702671333177E.03 

,936894666913F»33 

KM 

Y 

•786164455414F.32 

-.2359645931795.03 

.274531043723E.03 

KM 

z 

. 3l 674651 30 09E. 0 3 

-.1840062496666.03 

.500752762675E+03 

KM 


<JUA1’A’’le rosno FUNCTION TO ‘ 4 -ASU’£ Ra T£ OF FONVEOGFNCE 
o = .39256336585 t‘~*QZ c OR ir r °ATI0N NIJM9ER 1 

9 = .1417292988545.31 EOF ITERATION NIIMBFo 2 

0 =. .2030174659S6E.00 FO® ITERATION NUMP5P 3 


• Put H4TPJY OV£ = T R AjFqt ORY A°0 507.01013 TO 593.50000 DAYS 

V y » 7 

. lA5T‘.'-m°37EYCu 
. I Z 2 A 5 3 8 A 3 5: 1 2 1 * 0 1 ’ 
.795946754417E-01 
. 1542165Z5817E-C6 
.56OS08334040E-C7 
. U55676797308E-r7 


VX 

-v» 

VZ 


. i; c 379 1 '4573AF»;i 
. 14.49507?„7FF*G9 
. A’?87'588 r i35E-r.l 

.5323t. 5 ^ 6716£ , c7 

. 15947?t67490F-;,6 
. 441424904310.-07 


.■<92T64°45869 : .G1 
.4147o84<n»66t-01 
.9041329300161 .00 
.41403216 49 53E-07 
.473,9419139 55! -07- 
.95279060247 5c - 07 


T^ET A 44TRIY nv£o T RtJFCYORY arf 567.01000 TO 593.50000 DAYS 
(All EL r 5- NTS s = 5 I, ( INTERNAL UNIT5) 


8ii5L r 

. jf .l3T253454?*5£tC6 

Y -. a 76193787747 E. 05 

7 . 5«56002i63G5e-5 r 

VY . ’3 *38. 376924c-'? 1 

VY -.467599251941^.5 3 

V7 . 16 *5 313662685.-01 


CLOCK Ang^c 
-.319?4144J194£*G c 
.11278l9 , 745QE»r6 
.325069 60 2999E.U6 
-.39o674074873E-Cl 
• 7583 383b T *52E-C2 
. 156081883319E.C0 


Eta at t w - target po t nt 

(ALL EL ~ u - ‘ITS ARE TN INTERNAL UNITS) 

* Y 

Y .10 OCOCCOCCGOE*il 0. 

Y S. . 1) OOOOOOOOGOEtCl 

z - 0. 0 . 

TAPG r T / r 0NTP5L S r NSITIVTTY MATPIXl* 3X4) 
(An. EuEM'NIS »°E IN INTERNAL UNITS) 

CGNi AN0L r CLOCK ANGLE 

X .1»7455454219E»C>6 -.dl9?41441194EH,5 

T-— 93619^79 724gE*05—. 112 Y81997459E. 05 
7 .5S56C02163P5E.C5 .329C59602999c»P6 


r.oMc ancaE 
.105955779723E.06- 
-. 5214808071 54E. 4o 
,32603 , 9273 L 6Et05 
.9551540 49 472 E- 01 
-.531937947658E.00 
.27050806 42 33E- 01 


0, 

0. 

.13000000000 0E *01 


CONE ANGLE 
.10695577d’23£.06 
-• 52143 060 71 54; *06 - 
. 326337 92 3846£. 05 


ox 

.2332676G2.06F.07 
. 130581-'09i55E.06 
.366270061225-. 05 
. 104246256484E+01 
- .20d765110281E.00 - 
. 559874339543E-01 


FLOCK ANGLE 
-. 703C17349834E.05 
.19G8«8636135E.04 
•254784562267E.06 
■.692824376515E-G1 • 
• 165 71 71998 85E-02 
. 2521 65 4350 66E. 00 


U> 


td 


VY 

•13C559137711E.36 
. 232450405291E.37 
. 37 28901 21 511E.C5 
. 2056513927096.03 
.109275311542E.31 
. 6428 039 4256 2E- 01 


V2 

• 3-.9326C1297SE.C5 
*3621539453 7 8E.05 
.22344J755403E.C7 
.5 •♦35777613 24c- 01 

.651268120572E-01 

.8720J6066172E.OC 


VY 


VY 


0. 

0. 

0. 


CLOCK ANGLE 
-.703C17348934E.05 
— « 153o06636l35£»G4~ 
. 254784 S62267£.06 


0. 

Q. 

- 0 .~ 


0. 

3. 

0. 






•JUTOAN’'? *»ATOIk< t, * "») FPR NONLINEAR GUIDANCE CORRFCTION 

f ALL ELEH C NTS A»r IN INTERNAL UNITS) 

X * Z 

- CONE ANSt r * *.281787* 5»617e-14 6-9303241947E-05 -.714526572348E-08 — . 

CLOC-f ANGLE .1347C481G96GE-B4 . 273Cl931Z98’E-35 .5328624800165-05 

CONE ANGLE .45411S10 4M3--04 . 8220 3 43 48 695E-0 5 .1156244204961-04 

Ct^CK «NGLc -.167323871817E-04 313179897596E-05 -. 279467871171E-05 

' 

ESTIMATE-) CONTROL COPRFCTION FOR ITERATION 3 TN INTERN Au UNITS 

9lD CONTROLS' UPDATES NEW CONTROLS 

CONE ANCLE .27192 53 T9 Q 15 r t01 . 33U2'.584272S-01 . 2752 J66e5758E+0l 

"tOC* ANCt r ,139862447975 S>Q1 -. 18711 9288234E-0: . 138191255092c *01 

* CONE ANGLE .261175543669E401 -.528635892385--01 . 255889ie 4746E-01 

CLO^K »»'GL P .13786452229S5401 . 137729728384E-0 3 .1397418195812*01 

— «J0«MAN9P'> THPtJST CONTROL OOR»ECTTONS 

THPUST CONTROL THRUST CONTROL THRUST CONTROL 
CHANGE MUMPER PHASE NUN RE® Typr 

1 9 CONE ANGc e 

2 9 CLOCK AnGLP 

’ 10 CONE ANGLE 

* ■ - 4 10- CLOCK ANGLE 


* CO M ."AN0Cn 
CHANGE 

• 7 , G 5900 5 OEGS 

-.822243 OFGS 
-10.267697 OEGS 
2.043465 OEGS 



ACTUAL t HRUST cqmtpolS AFTER CORRECTION ft 

THPJST THPU'T PhA** TH»U3T PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE -■ ft 

PHASE E«0 TIME THROT T L ING ■ CONE ANGLE CLOCK ANGLE CONE RATE CLOCK RATE I 

NUN9E» (OAVS) (DEG) (OEG) 10EG/SEC) 10EG/SEC) C3 

- — 6 567.000000 -1.354491 - 129.675246 -• 2 T 2. 212085 - O.OOvOOO — 0.000030 ft 

9 577. CO 90 CO .999718 157.696637 79.186321 O.OCOOOO 0.000000 

I j 5A7.C0C3CG . 99 A98 1 14o. 636030 80.061168 0.000000 Q.OQG'OGG 

II 600.000000 - 9.000009 0.100009 o.oooooo- - o.oocooo - o.oaosao — 



>v <i ^lymoxEQ 


MONTE CARLO MISSION SUMMARY FOR CYCLE 1 




OP TIM« e-,o THIS <“vCLE = 7 • T A 1 , o 3 SEC. 

TOTAl- OP TIME USFO -TO TUTS POINT IN EXECUTION • 8.770QJ !FC - 

SVC STATS VECTOR ST TPAJE^Tpoy TI M£ = 593.50000 OATS(J.O.= 24N455G . 15478 > 

- ACTUAL REFERENCE DEVIATION 

X .637°93677777E*C* .6T795Z j177JlcrJ8 . 41 670 0 7569 495*04 KM 

Y • 95575 J u G T 892E*33 . 953745797661c*1 8 ,4210211C52895*03 KM 

- - 7 • 240P10 9 12142E*9 5 . 2409785166035>'|« — . 32295538 53A7E+04 KM ~ 

vx T 9 oF 056733 O 3 S* 0 » -. 39846 <, 859389 Ef l 12 -.IAOSImOOAIIEE-OI KM/SEC 

VY , -. 56 7li,l 291828 5*91 -. 67l 49845,9981;*.1i .405716915291E-01 KM/SEC 

V7 — . 43670 04 459 79E*3 1 437fl26247LQ9c* J1 .3278 0 14 30 29 0E-02 KM/SEC 

SAMPLED S/C-SEP PARAMETERS 

- • - ACTUAL - - - M£FE°ENCE OEVIATION • ~ 

S/C MASS 1443.65190 1443. 42539 .22652 KG 


REFERENCE OEVIATION 

-. 302671*. 30177E+O3 .3026718301775*03 KM 

-.235964593179c* 63 — -.235964598179EH3 KM 

-•134006249666c* 03 . 1 84 00 6249666E+0 3 KM 

TOTAL OELTA-VEc^CITY MAGNI^o* FOR IMPULSIVE MANEUVERS- 0.* 


T»PG r T VA®IA9LE5 
Y 
7 


ACTUAL 


c. 

0 .- 
0. 




KM/ScC 


132-A 


132-B 


3.2.4 REF SEP 

The REFSEP sample case provides detailed trajectory print 
for the Encke flyby mission. A run such as this is likely to be 
made after the reference trajectory has been determined in TOPSEP 
and prior to a GODSEP error analysis run. Of particular importance 
to the GODSEP user is the tracking information which is available 
over any desired trajectory arc and from which a measurement sched- 
ule can be made. The remaining output provides a detailed descrip- 
tion of the integration process and the changing geometric relation- 
ships among the S/C and the bodies considered. 

On th£" first page of output is a listing of the $TRAJ namelist 
describing the Encke flyby mission. Except for two of the variables, 
KARDS and ELVMIN, the input is standard to all the MAPSEP modes. 

(Other REFSEP peculiar input is described in Section 2.1, Page 12-B 
of this manual.) The value of KARDS indicates the number of formatted 
print schedule cards which are to be read during the execution of the 
REFSEP run. Images of cards (KARDS = 3) may be found im- 
mediately after the $TRAJ namelist on the first page. These cards 
specify the start times, stop times, and time increments for the 
various print codes. Although many print blocks are scheduled and 
appear in the sample case output, onl> c ne representative print 
block is included here to illustrate REFSEP' s output. The scheduled 
time is 580 days, at which time the print block includes all possible 
print options (print code = 1123) which are: 

1) nominal trajectory print, 

2) primary body data, 


3) target data, and 

4) tracking data. 

Most of the output for each of these options is self-explanatory; 
however, the tracking calculations deserve additional clarification. 
The approximate rise and set times of the S/C with respect to the 
tracking stations (or of the target body with respect to the astro- 
nomical observatory) are estimated from the geometry occurring at 
the scheduled print time. The underlying assumption for these 
calculations is that the S/C moves very slowly across the celestial 
sphere. (Hence, these calculations are invalid for a S/C in a near- 
earth trajectory.) The printed rise and set times are always within, 
one day (+ 24 hours) of the scheduled print time. These times refer 
to the time when the S/C rises above or falls below the specified 
minimum elevation angle (ELVMIN) . If the S/C never rises or never 
sets during the 48-hour span at a particular station, the message 
"NEVER VISIBLE" or "ALWAYS VISIBLE" is displayed for that station. 



r 


~ 21.65. 6 .65?* 21 .65. 
ti.VI%£<U) * 0.64, 

ICw^^O = J, 

*»" - 3 t 10 * 

SL“ = 3 , - ■ • - - - 

I, Jr' - l*i* 

6 C“ 3 Sb s 1944 . 0 , 

5(a(c = -6.92110445£3? 

£. Itr f lttrVltZ* 

*i 6 > , *~ - 

~ 7 . 2 Jl 2 j.If 6 , 
f «.*>'.■« = } 9 b'>.* 0 * frit 

Tfc •. vv» 7 « IVUi'-l, 

~ 

9. ,6^ • » 4» /. f 

1 * • ’ 4 9 . , 1 . « b2. i ,2<4. 6 ,6 *6, » 

1, «2i>. , I, * 7-s. r& t >r‘* i3 6 l. . 

1 , ,* 7 j, , 1 . .rib. 3 J 4 »<fc 4 , , 6 *u. » . 

£ * » 526. » 1 • < 1 20.50 1 * 2bt). /42.S*'/. , 

1 .. 667 ., J .. 355 » 13 <t , 4 Ji:.;! 72 . 53 « 5 '* 0 . * 

1.. 67T..l.,130.64.*0.,6«0., . . ..... 

1.. 6c7.,l.,16o., 77,56*6*0., 

'll >i*C* * 

= 4 • 

f i* y-i-'ir 

PLVM lrt=l 6 . « » 




0.0 60.0 6.U 1012 

60. 0 bOO. 0 60.0 23 

526.0 600,0 5.0 1123 




FF.FSEP Sample Case 




w 


TFAJFCTCFY IF ; T IA L I ZA TICK 


INITIAL RRCCH (REF EREFOE CATf) 
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4.0 OPERATING GUIDELINES 

This chapter is intended to provide useful operating guidelines 
for MAPSEP. It is assumed that the user has (1) some knowledge of 
the methods (Volume I, Analytical Manual), input variables (Volume II, 
Chapter 2) and output (Volume II, Chapters 3 and 5), and (2) a particular 
analysis application. Among the latter possibilities, for example are: 
o time history relationships of the spacecraft, Earth and 
target body; 

o generation of an integrated trajectory meeting mission 
requirements; 

o trajectory sensitivity to selected parameters; 
o trajectory dispersions and their propagation effects; 
o ground based and on-board navigation requirements; 
o thrust control authority and thrust accuracy requirements; 
o trajectory and system estimation accuracies; 
o evaluation of dynamic and measurement error sources; 
o mission strategy evaluation; 

o probabilities of mission success or science return. 

Many of these applications in terms of MAPSEP operation will be dis- 
cussed in the following sections. 

It is clear that MAPSEP has a sizeable amount of input in order 
to be flexible in its analysis capability. However, only a small 
segment of input is often used at any one time. The question of 
vhere these input values come from is problem dependent. For example. 
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If MAPSEP is used as part of a Phase B system design process, then 
TOPSEP would be operated first to generate one or more integrated 
reference trajectories for the baseline configura tion (s) , GODSEP 
would be used parametrically to examine the effects of various levels 
of error sources on the system and trajectory, and SIMSEP would be 
operated sparingly to evaluate specific error values. The initial 
trajectory values, e.g., specific impulse, launch velocity and mass, 
power levels, etc. would be obtained from the mission analysts who 
performed mission opportunity searches. Earth based navigation 
characteristics (including their respective error sources) would be 
obtained from operational tracking networks. Thrust performance and 
other on-board characteristics, and uncertainty levels, would be 
obtained from the respective subsystem areas. Guidance success 
zones and mission strategy would depend primarily on science or 
other mission objectives. Unfortunately, many of the input values 
are not' received in forms that are directly usable. A small amount 
of preparatory analysis and supplementary software is often needed. 
This requires knowledge both of the subsystem where the data origi- 
nated and of MAPSEP. A reverse problem also exists, namely, how to 
translate MAPSEP results into information needed by other subsystems. 
Thus j - operating MAPSEP effectively is considerably more involved 
than just being familiar with the input and output. 

The common element of all mode usage is the SSTRAJ namelist which 
describes the nominal trajectory. The required input of $TRAJ con- 
tains as a minimum the variables 
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TLNCH, .TEND, STATE, SCMASS, THRUST, ENGINE, STEP, IC00RD, 

IST0P, NTP, NB, M0DE, 

with other parameters being optional. In the following sections, 
it is assumed that the basic ^TRAJ has been input, except as noted. 

Each mode is then treated as a separate program, which is true for 
most MAPSEP applications. 

4.1 Trajectory Generation - TOPSEP 

There are four basic applications of the TOPSEP mode: (1) 

trajectory propagation, (2) trajectory grids, that is, a matrix of 
trajectories corresponding to different control parameter steps (3) 
trajectory targeting to meet mission objectives, and (4) trajectory 
targeting and optimization. These submodes are often used in 
sequence to eventually obtain an optimal low thrust trajectory. They 
can also be used independently, for example, to generate a time his- 
tory of Earth-Sun-vehicle-target body relative geometries for a base- 
line mission. Each submode or TOPSEP option is defined by parameters 
£n the namelist 0T0FSEP which is input directly after 0TRAJ. 

The most common usage of TOPSEP is in generating a targeted 
trajectory with system constraints reflecting a proposed spacecraft 
and mission. Final mass optimization is generally not used because 
most low thrust trajectories have relatively flat performance curves 
in the local area of interest. 

The targeting (and optimization) procedure begins with an initial 
guess of the trajectory controls: initial state and mass, thrust 
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segments including duration, thrust magnitude and pointing, and 
vehicle characteristics including specific impulse, base power level, 
thruster efficiency, etc. These inputs are put in gTRAJ. The ini- 
tial guess is often a combination of engineering intuition and results 
from a mission opportunity search program, for example, QUICKTOP 
(Ref. 8) for interplanetary missions and POST (Ref. 9) for near-Earth 
missions. The value of a reasonably accurate initial guess cannot 
be overemphasized. The targeting process for low thrust trajectories 
Is often so non-linear that many iterations are spent just to bring 
an initial guess into the "ball park". 

Assuming that a bad initial guess occurs, which is generally 
the case, then many single trajectories are computed for various 
values of initial coast time, thrust direction and magnitude in 
dominant thrust phases, power level, etc. One or more trajectories 
are selected from this semi-random collection to start the targeting 
submode. An alternate, or supplementary, technique is to apply the 
grid submode. This permits a somewhat more organized search for 
acceptable trajectories and also reveals the extent of nonlinearity 
fa the control vs. target error hyperspace. In any case, the inte- 
gration step size factor should be set to a large value, e.g., 

STEP * 1., to minimize run time and cost because many trajectories 
tnay have to be examined before a satisfactory one is reached. 

The initial guess selection represents the zeroth level of a 
targeting strategy. Thereafter, the targeting submode is entered 
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and the strategy is to stabilize the targeting process and prevent 
divergence. An example of a targeting strategy for an • interplanetary 
mission is Table 4-1 (specific numerical examples can be found in the 
sample case of Section 3.2.1). The first level varies initial condi- 
tions, segment times and control parameters in the early thrust (and 
coast) phases such that the spacecraft reaches the general vicinity 
of the target body with not unreasonable target conditions. The 
second and third levels then successively refine the control para- 
meters and trajectory accuracy until all desired target conditions 
are met within tolerance. Thereafter, optimization with respect to 
final mass may be performed if desired. 




CONTROL PARAMETERS 

TARGET PARAMETERS 1 

•LEVEL 

STEP SIZE 
(STEP) 

TYPE 

SENSITIVITY 
TO TARGETS 

TYPE 

TOLERANCES 

| 0 

Large 

Initial 
Conditions , 
Early 
Segments 

High 

All 

Very Loose 

; i 

Medium 

Initial 
Conditions , 
Early 
Segments 

High 

: Helio- 
centric 

Loose 

2 

Medium 

Early and 
Intermedia te 

High- 
• Medium 

Target 

Centered 

Loose 

3 

Small 

Intermediate 
and Late 

Medium- 

Low 

Target 

Centered 

Tight 


TABLE 4-1 Interplanetary Targeting Strategy 
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It is apparent that every mission will have a different effec- 
tive targeting strategy depending upon the initial guess and mission 
type (interplanetary vs. near-Earth, flyby vs. rendezvous, inbound 
to the sun vs. outbound, etc.). Furthermore, there is a consider- 
able amount of user decision making and intuitive reasoning that is 
required. The unfortunate result is that the targeting process 
becomes less mechanical and more subjective. 

4.1.1 Trajectory Propagation 

The simplest TOPSEP application is propagation of a single 
trajectory for spacecraft ephemeris information. In addition to the 
trajectory parameters in #TRAJ with M0DE *= 1 (See Section 4.0), the 
required S?T0PSEP parameters are IM0DE * 1 and MPRINT(l) equal to the 
appropriate print option. 

4.1.2 Tra jectory Grid 

As mentioned earlier, the uses of a trajectory grid can be (1) 
aearching for a reasonable initial trajectory to start the targeting 
submode, (2) investigating the non-linearity of the hyper6pace 
containing control and target parameters, (3) determining appropriate 
perturbing step sizes in control parameters for numerical differenc- 
ing, or (4) any combination of these. 

The grid submode in TOPSEP requires only a few more parameters 
tn 0T0PSEP than the simple trajectory propagation. These are IM0DE ■ 
3, H(I, J) * perturbation from the nominal for the I, J control para** 
meter, HMULT = scale factor of perturbations for second step, and 
MPRINT(l) equal to the appropriate print option. 
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For example, an input of H (2, 2) =2., H (8, 21) =-.01, 

HMULT = 2., -.5, would result in the display of five- trajectories: 
(1) the nominal, (2) nominal with duration of second thruse phase 
extended by two days, (3) nominal with duration of second thrust 
phase extended by four days, (4) nominal with initial velocity 
magnitude increased by.01 Km/sec, and (5) nominal with initial 
velocity magnitude decreased by .005 Km/sec. 

If more than two steps in each control direction are desired, 
it is a simple matter to stack cases. The organization of the 
input deck is as follows. After the first case (#TRAJ and 0T0PSEP 
namelists) each succeeding case requires only a 0T0PSEP namelist 
with the appropriate changes to H and HMULT. To cycle back to 
the T0PSEP data overlay the parameter M0DE must be set to *1 in 
the $TRAJ namelist. The main overlay will not be re-entered; thus, 
the run will be terminated after the last #T0PSEP namelist. Any 
additional #TRAJ namelists will be skipped in the search for 
JfT0PSEP namelists. If the user wishes to adjust the nominal tra- 
jectory for any of the subsequent stacked cases (i.e., add thrust 
phases, extend or reduce phase durations, change cone and clock 
angles, etc.) M0DE must be set to 1 in the first 0TRAJ. Each of 
the following stacked cases consists of pairs of #TRAJ and 0T0PSEP 
namelists. The user should realize, of course, that any inputs, 
which are not explicitly reset, maintain their last value in 
succeeding cases. 

4.1.3 Trajectory Targeting 

The primary purpose of the TOPSEP mode is to generate an 
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integrated trajectory which fulfills a given set of mission constraints 
while minimizing fuel expenditure (or maximizing deliverable payload). 

By far the most difficult part of trajectory generation is the target- 
ing process. Non-linearities in trajectory dynamics often wreak havoc 
with the linear methods used in both targeting and optimization. This 
is especially true for interplanetary low thrust trajectories with an 
inaccurate initial guess. It is highly recommended that the user famil- 
iarize himself with Chapter 5 of the MAPSEP Analytic Manual, and con- 
tinually refine his targeting strategy depending upon the results of 
each iteration. 

Input for a TOPSEP targeting run consists of the namelists $TRAJ 
and $T0PSEP. The $TRAJ variables define the reference trajectory and 
serve as the initial guess (zeroth iterate) for the run. The $T0PSEP 
namelist defines the targeting strategy. Those parameters which are 
used to alter the initial trajectory in the TOPSEP mode are described 
below. 

o IM0DE - 2 specifies the targeting (and optimization) submode. 

o IASTM = 1 refers to the augmented state transition method of 
targeting. The sensitivity matrix, which is necessary to - com- 
pute the control correction, is calculated from the integrated 
STMs. Selection of this option precludes the optimization 
process and also requires that the trajectory be terminated on 
final time (IST0P = 1 in $TRAJ) , The set of controls is re- 
stricted when STM targeting is used . The controls which may be 
selected are: 1) the initial state (x, y, z, x, y, z) ; 2) thrust 

phase end time; 3) throttling; 4) cone angle; and 5) clock 
angle. If IASTM = 0 numerical differencing techniques are applied 


to compute the sensitivity matrix. This targeting procedure 
requires more computation time; however, there is no restric- 
tion on the set of controls which may be selected. 

Non-zero values in the H array denote active control parameters 
In addition, when IASTM = 0 the values of H represent the con- 
trol perturbations to be used in constructing the sensitivity 
matrix. For example, if H(4, 21) = 10., H (2, 1) = .1, 

H (4, 5) = .5 are input, then there will be three active con- 
trol parameters: initial position magnitude, phase end time 

of the first thrust phase and thrust cone angle of the fifth 
phase. The perturbations used to construct sensitivity ma trice 
will be 10 Km., .1 days and .5 degrees, respectively. 

ULIMIT are the minimum and maximum bounds, if any, on the con- 
trol parameters. ULIMIT can be used not only to impose hard- 
ware related constraints, but also to modulate the targeting 
process. Used in conjunction with PCT, ULIMIT insures that 
control corrections will not be unacceptably large. Also, 
proper usage of ULIMIT will restrict controls such as phase 
end times from drifting through any other set phases. 

IWATE determines the type of weighting scheme to be applied 
to the control parameters. The most frequently used values 
of IWATE in order are: 

oo IWATE = 2 for normalized control weighting when 
very little or no information about the target- 
ing problem is present and when controls with 
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different units are used simultaneously. 

This is also valid when all the controls 
are thrust phase times, and normalization 
is still according to the magnitude of 
the controls. 

oo IWATE = 1 when the user has gained expe*- 
rience with the specific targeting problem 
and can select his own weights. 

o UWATE are control weightings which scale the basic weighting 
scheme specified by IWATE. The relative weights among the 
control parameters impact the targeting process. 


In general, weights should be smaller for controls earlier 
in this mission than for similar control parameters in later 
mission phases to account for diminishing target sensitivities 
to controls in these latter phases. 

Non-zero values in the TART0L array denote active target 
parameters and their tolerances, analgous to the H array for 
control parameters. 

TARGET contains the desired values of the active target parameters 
JWATE is used to "normalize" the target variables by dividing 
by their respective tolerances; this is especially helpful in 
determining linear control dependency (See ST0L) when different 
types of target variables are used, e.g., position and velocity 
or time of flight and closest approach distance. 

ST0L is used in linear dependency tests, that is, if two (or 

... ■» 

more) control parameters have the same effect on the target 
parameters, as measured by a vector inner product test of 
the appropriate columns of the sensitivity matrix, then at 
least one of the dependent control parameters is deactivated 
for the current iteration. ST0L is the sine of the minimum 
acceptable "angle" between the column vectors of the sensitiv- 
ity matrix and is highly sensitive to the control weights 
and target tolerances. If no target weighting is employed 
(JWATE = 0), then ST0L should be quite small, for example 
ST0L * l.E-6; otherwise, ST0L should be about .001. ST0L 
can also be used to terminate a targeting run after the 
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sensitivity matrix has been computed and before any trial 
trajectories are taken (ST0L=1). 

o PCT determines what fraction of the target error should be 
eliminated for the current iteration and scales the control 
correction accordingly; if the targeting porcess is very 
non-linear, then the sensitivity matrix (used to compute 
control corrections) is valid only over small regions around 
the nominal, and PCT should be set to a small level, e.g„, 
PCT = .1; on the other hand, a full control step (PCT = 1.) 
will attempt to remove all the target error at once which 
is effective only for relatively well-behaved (linear) 
problems . 

o NMAX is the maximum number of iterations which is typically 
set to less than 3 so that the targeting process can be 
continually monitored and the targeting strategy can be 
changed accordingly. 

The parameters H, ULIMIT, IWATE, TJWATE, TART0L , TARGET, JWATE, ST0L, 
PCT and NMAX generally provide the most significant effects and are 
the most often used parameters in the adaptive targeting process. 
However, there are also a number of options which are very helpful 
in stabilizing or accelerating convergence of the targeting process 
under certain conditions. 

O BT0L is used in conjunction with the control constraints 
(ULIMIT) to define a marginal area near control boundaries. 
If a control lies in this area and a control correction is 
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uiade, to the ULIMIT boundary, a modification is made to the 
iteration process. The control on the bound is made 
Inactive and a control step using the remaining controls 
is computed from the modified performance gradient and 
sensitivity matrix without incrementing the iteration 
counter. If the control is in the feasible region but not 
in the tolerance region and a control correction is made to 
the boundary, the control is also made inactive; however, a 
new performance gradient and sensitivity matrix are computed 
for the next step. 

o EPS0N determines what action is to be taken if all the trial 
trajectories are worse than the reference in terms of the 
quadratic target error index. If EPS0N is zero, the run 
is terminated; if EPS0N is non-zero, it is assumed that 
the sensitivity matrix is invalid and a new sensitivity 
matrix is computed using the reference trajectory and new 
control perturbations (the old values (H) scaled by EPS0N) , 
The trial trajectory process is then repeated. EPS0N is 
used to compute a more well-behaved sensitivity matrix by 
changing secant partials to tangent partials, or vice 
versa, depending upon the strategy. 

o GTRIAL are the one-dimensional search constants, which are 
used to find the minimum target error (or cost index) in 
the ^ U direction. They are useful tools to restrict the 
search in the A U direction depending upon the level of 
the targeting search (refer to Table 4-1). 
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oo GTRIAL(l) is most useful in restricting the per- 
centage decrease in the size of the 'control scale 
factor from the preceding estimate, 
oo GTRIAL(2) restricts the scale factor estimate to 
a maximum allowable value. 

oo GTRIAL(3) is a minimization tolerance on the control 
scale factor. A "loose" tolerance value of .1 will 
cause the search to terminate if the estimated 
control scale factor is within 10% of the preceding 
value. A "tight" tolerance of .01 or less may 
result in the use of all of the possible polynominal 
curve fits in the AU direction since convergence 
is based upon a 1% difference in two successive 
scale factor estimates. 

oo GTRIAL(4) has a similar control on the search as 
GTRIAL(3). 1 The factors which are compared are the 
estimate and actual values of the index to be 
minimized. If GTRIAL(4) is relatively small (< .01) 
it is likely that more trial steps will be taken per 
iteration than if the tolerance is "loose" (> *1). 
oo GTRIAL(5) restricts the extent of the search in the 

A U direction. The maximum value is 4 which indicates 
that all four curve fitting techniques may be used if 
convergence is not realized up to the fourth fit 
(e.g., two-point-one- slope fit, three-point-one- 
slope fit, three^point fit, four-point fit)* 
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o An option that can save significant computer time is the 
ability to input the target sensitivity matrix S and per- 
formance gradient G, by setting INSG = 1 in $T0PSEP, instead 
of computing S and G internally. This might be done, for 
example, if (1) a previous run computed a sensitivity matrix, 
but neither the trial trajectories nor a control correction 
were implemented, or, (2) the number of controls and/or tar- 
gets were to be changed (the input G and S would be composed 
of elements from previous G and S matrices) assuming the refer- 
ence trajectory has not been changed (much), or (3) a sensi- 
tivity matrix is available from some other program or method, 
o DFMAX is used to restrict increases in the cost index (nega- 
tive of payload) associated with a targeting step. For ex- 
ample, if a targeting control correction reduces the target 
error but also reduces the SEP payload more than the DFMAX speci- 
fication the control correction will be appropriately scaled. 

The targeting process can best be illustrated by a simple example. 
Figure 4-1 is a diagram of control parameter space (U^, U^) with con- 
tours of constant target error (T^ T^ ... T q ) . Target contours 
are a strong function of the particular types of target and control 
parameters, and are often very non-linear. The outer dashed lines 
represent control constraints (ULIMIT) and the region between the 
inner and outer dashed lines represent the "marginal" area. The 
starting point or initial guess lies at = 0 and the boundary = 
ULIMIT(1, 2). The eventual point of convergence is near one of two 
possible minima and on the boundary = ULIMIT(2, 2) . Convergence 
to a local minimum and not to a point of zero target error is gener- 
ally the case rather than the exception even though there are more 



controls than target parameters. The control correction steps 
A .... A u(5) represent the results of five corresponding 

iterations of TOPSEP, each one of which includes computation of the 
sensitivity matrix and trial trajectories. Note that A U(3) resulted 
in controls which lie in the feasible region but outside the marginal 

area, and the next iteration ^ U(4) resulted in contact with the 
boundary. The next iteration A U(5) moved along the U 2 boundary 
to the point of minimum target error. If AU(3) had ended up within 
the marginal area, but not necessarily on the U 2 boundary itself, then 
the BT0L logic discussed above would be exercised. 

Although the control corrections appear to be orthogonal to the 
target error contours, this is not always the case (except in a small 
region near the reference control point of each iteration). The con- 
trol parameter v:eights (UWATE) and basic weighting scheme (IWATE) are 
used to alter the shape of the general contours such that the control 
correction is applicable over a wider control area, rather than the 
localized area near the reference point. Indeed, a more accurate 
representation of the contours and targeting process would be in 
"weighted" space, that is, control and target parameters divided by 
their respective weights. In weighted space, wherein the control 
corrections are actually computed, contours might look completely 
different. Furthermore, the test of linear dependency (ST0L) between 
control parameters takes on a more obvious geometrical significance 
because the weighted control and target parameters are not so depen- 
dent upon units (seconds vs. days, radians vs. degrees, etc.) or 
mission segment (early vs. late). 
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The targeting strategy can be reduced to choosing appropriate 
control and target parameters and their weights. Because of this, 
targeting is more an art than ft. science. Furthermore, a good initial 
guess is required to minimize computer time and "artistic" effort. 
4.1.4 Trajectory Optimization 

When a trajectory has been found which meets, or nearly meets, 
desired targeting conditions, TOPSEP can be used to refine the tra- 
jectory and maximize payload. However, this option is rarely used 
because by the time a targeted trajectory has been computed which 
also meets the varied constraints of the mission and S/C system, 
there is little pert rmance left to optimize. It is probable of 
course that only a local optimum has been reached, but to find 
another local optimum (much less the global optimum) requires 
imtargeting the trajectory, at least temporarily, to reach a signif- 
i-u-tly different point in control vs. performance space. 

The optimization problem is similar to that illustrated previ- 
ously in Figure 4-1 where target error contours are replaced by 
performance contours, A significant difference, however, is that 
the starting point is already very close to the (local) optimum. 

The inputs to #T0PSE p for optimization include all of those 
required for targeting, in addition to 

o 0SCALE, used to establish the relative weighting between 
net cost (See Analytic Manual) and target error for 
simultaneous optimization and targeting; that is, the 
parameter to be minimized is the sum of net cost, 
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multiplied by (/SCALE, plus the quadratic target error; 
note that the quadratic target error depends upon both 
the actual target error and their tolerances, and it is 
close to or less than one for a reasonably targeted 
trajectory. 

o TUP is the boundary of quadratic target error above which 
targeting only is performed and below which simultaneous 
targeting and optimization occurs, 
o TL(/W is the boundary of quadratic target error above 

which simultaneous targeting and optimization occurs and 
below uhich optimization only is performed, 
o DP2 is a constant which is used to scale the optimization 
correction relative to the constraint correction. Thus, 
the user is capable of restricting optimization control 
corrections which introduce large target errors. (Analytic 
discussion in Reference 1, page 50.) 

Previous experience has shown that optimization of low thrust inter- 
planetary trajectories is generally futile, once targeted conditions 


have been reached. 
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4.2 Linear Error Analysis - GODSEP 

The linear error analysis mode provides a relatively quick 
evaluation of trajectory errors due to anticipated system and envi- 
ronmental uncertainties. There are several analysis techniques 
available within GODSEP depending upon the mission segment, affected 
systems and desired analysis depth. The most common options are (1) 
generation of trajectory and state transition matrix data related to 
a selected reference trajectory and storing the data on disc and/or 
tape, the STM file, (2) a covariance analysis about some portion or 
all of the reference trajectory using data on the STM file, (3) a 
combined STM file generation and covariance analysis in a single 
run, (4) an evaluation of error source mismodeling effects (gener- 
alized covariance) based upon a previous covariance analysis (which 
assumed perfect modeling), and (5) a covariance analysis of the 
reference trajectory using integrated covariances (PDOT) instead of 
the transition matrix methods. 

Whatever option is chosen, the namelist $G$DSEP must be input 
directly after $TRAJ to specify necessary parameter values. Other 
input features are optional, for example, specification of STM and/or 
GAIN files, input of namelist $GEVENT for guidance events, and input 
of fixed field cards containing measurement event and propagation 
event data. 

A typical error analysis needs as input (1) an integrated ref- 
erence trajectory, (2) expected dynamic and navigation error sources, 
(3) a guidance and navigation strategy, and (4) system constraints,^ 
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tolerances and evaluation criteria. The reference trajectory is 
obtained from TOPSEP as discussed in the previous section. Both 
expected error source levels and the guidance and navigation strategy 
are related to mission objectives and subsystem characteristics. 
Strategy includes the type and density of observations used in navi- 
gation, both on-board and ground based, orbit determination (OD) 
method, and the type and frequency of guidance updates. 

System constraints and tolerances can be defined a-priori or 
can be determined as part of the error analysis. Generally, some 
baseline requirements are established and the error analysis either 
confirms them or points out needed changes. Another criterion for 
evaluation of trajectccy errors is the guidance success zone. This 
is the region of acceptable terminal error as determined by minimum 
science return and/or by post encounter requirements. 

In terms of MAPSEP and GODSEP operation, once a trajectory has 
been defined by TOPSEP, that is, initial state vector, thrust/coast 
segment times, thrust controls, etc., then the linear error analysis 
begins with generation of an STM file. The STM file is created by 
propagating the reference trajectory and writing, on disc, state 
transition matrix and trajectory related data at specified epochs* 

The STM file can be saved on tape for permanent storage such that 
subsequent analyses do not need to regenerate the reference data. 
This is often the case for a parametric examination of error sources 
and mission strategies. 

Once an STM file is created, GODSEP can be operated in the 


standard covariance mode. That is, a-priori covariances (control 
and knowledge) are propagated using transition matrices, off the 
STM file, from one event to the next. At each event the control 
and/or knowledge covariance is modified. For example, at a meas- 
urement event, observation matrices and a filter gain are computed, 

then the knowledge covariance is updated to reflect the new trajec- 

* 

tory estimate (non-deterministically) . The only exceptions where 
a. covariance is not modified at an event are eigenvector (for 
Instantaneous covariance display) and prediction (for display of a 
future covariance assuming no further measurements or guidance). 

Thus, a time history of expected uncertainties in actual (control) 
and estimated (knowledge) parameters is computed as the sequence of 
mission events unfolds. 

In the course of a system design, the standard covariance 
analysis is run many times with varying levels of error sources, 
measurement schedules, guidance policies, etc. At some time, how- 
ever, certain key assumptions should be evaluated. One of these 
assumptions is the effective process noise model which .is an integral 
part of covariance propagation using transition matrices. The PDOT 
option in GODSEP permits a more realistic (in a mathematical sense) 
•valuation of thrust process noise by integrating a state covariance 
explicitly. The state is augmented by parameters which characterize 
the noise process. Correlations between thrust noise and other para- 
meters, dynamic and measurement, are computed as part of the PDOT 
covariance propagation. This is in direct contrast to the standard 
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covariance analysis where these correlations are assumed to be zero. 

In many cases, these correlations will be small, but 1 in some mission 
phases they may contribute significantly to the error analysis results. 

The PDOT option does not use the STM file, but is more cos tly 
to run than STM file generation and a standard covariance analysis 
combined, primarily because of the augmented state. Furthermore, 
because of its support role, no guidance or prediction events are 
allowed in PDOT. 

A second assumption in the standard covariance analysis is that 
all process characteristics and expected performance deviations are 
known. That is, the OD algorithm assumes that uncertainties in 
dynamic and measurement parameters are perfectly described by input 
levels. If the true uncertainty in any parameter is different from 
that assumed by the OD process, the error analysis results may be 
Invalid. Verifying error analysis results can be done by simulation 
(See SIMSEP description) but thi$ can be expensive. So, an alterna- 
tive verification technique is provided in the error analysis mode, 
called generalized covariance. 

The importance of parameter mismodeling is not just knowing 
that it exists -- it will always be impossible to model the real 
world exactly — but also knowing what its impact is on the error 
analysis. To determine this, generalized covariance first requires 
running of a standard covariance analysis with the filter gains at 
each measurement being written on the GAIN file. The GAIN file 
should be created in the course of any standard covariance analysis 
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if it is anticipated that a generalized covariance will be run later 
to evaluate suspected mismodeling. '* 

In execution, generalized covariance operates on a set of "true" 
covariances, propagating them by using the STM file and updating them 
at a measurement with the assumed filter gain from the GAIN file. 

The "true" covariances may have different a-priori levels on sane 
parameters and may even include parameters not appearing in the orig- 
inal error analysis. The resulting output may then be compared to 
the original results to determine the sensitivity of the OD process 
to the mismodeling. 

Note that generalized convariance handles, in effect, two types 
of mismodeling: differences in the level of process uncertainty and 

mismodeling of the process itself. Obviously, a more rigorous analysis 
would apply the trajectory simulation mode, SIMSEP. However, running 
SIMSEP would be very costly to produce the studies that generalized 
covariance can perform in one short run. This assumes of course 
that linearity is valid which is the key assumption in GODSEP. By 
Using generalized covariance in GODSEP, SIMSEP can be used primarily 
for testing linearity assumptions and not mismodeling, 

A. 2.1 STM File Generation 

A basic requirement for the standard covariance analysis is a 
reference trajectory with associated transition matrix information. 

The trajectory data is first created by GODSEP and stored on a disc 
file (STM). The STM file can then be used and reused for any number 
of linear error analyses related to the reference mission. 
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In addition to the standard trajectory variables (Section 4.0), 
the $TRAJ namelist requires : 

O ISTMF » 1 
o H0DE = 2 

o IAUGDC to designate which dynamic parameters are 
augmented to the basic spacecraft state of position 
and velocity 

o NEP to designate the ephemeris body if IAUGDC has 
activated any ephemeris body elements. 

Since the STM file is intended for many applications, it is recom- 
mended that IAUGDC activate all parameters that the analyst thinks 
might be needed in subsequent error analyses. 

The next namelist, SfG0DSEP, is required to establish the grid 
of trajectory points at which spacecraft state and mass, thrust 
acceleration and other trajectory data are computed, and between 
which transition matrices for the augmented state are computed. 

The grid of time points need not correspond either one to one or to 
an exact time of events of a following error analysis but should be 
aet up to cover approximately the expected events. For example, a 
greater intensity of time points should be inserted where Earth- 
based tracking arcs are anticipated whereas only a few points should 

be placed between tracking arcs. It is very important that the time 

«• ' 

grid on the STM file cover the maximum conceivable event schedule to 
avoid regeneration of an STM file. 

- \j 

Time points can be established in many ways. The simplest 
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method is to set NSCHED equal to the number of scheduling cards and 
then follow the $G0DSEP namelist (which would contain only NSCHED) 
with scheduling cards corresponding to a desired trajectory grid. 
Either arbitrary measurements or propagation events can be used. 

An alternate scheme is to use an anticipated error analysis 
event schedule. That is, specify appropriate eigenvector events 
(NEIGEN and TEIGEN) , prediction events (NPRED, TPRED and TPRED2), 
guidance events (NGUID, TGUID, TCUT0F and TDELAY) and NSCHED. Then 
follow with scheduling cards corresponding to a desired measurement 
schedule. Of course, the composite event schedule should be set up 
to cover all possible future analyses. 

Whatever the method of establishing time points for the STM 
file, a number of additional time points will be inserted automat- 
ically. These correspond to thrust policy changes, that is, thrust 
reorientation and thrust/coast switching, and to changes in the 
number of operating thrusters. 

4.2.2 Standard Covariance Analysis 

Once an STM file is generated, the standard covariance analysis 
can be run either as a stacked case or as a separate run. The only 
variables required in 0TRAJ are ISTMF * 2 and M0DE =2. Inputs to 
0G0DSEP are much more involved and depend upon the particular anal- 
ysis in mind. 

The easiest GODSEP application is propagating a covariance from 
one time point to another. This may be desired, for example, to 
look at effects of thrust or other dynamic uncertainties on the 
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growth of trajectory errors. In this case 0G0DSEP requires: 
o TCURR *= input epoch of the a-priori covariance; 
o TFINAL = GODSEP termination time; this is required 
only if it is different from the final time on the 
STM file; 

o P is the a-priori covariance (in standard devia- 
tions) and associated dynamic and/or measurement 
• covariances: CXS, CXU, CXV, PS, CSU, CSV, PU, 

CUV, PV. Note that the augmented parameters for 
a simple covariance propagation may be input as 
either solve-for or consider parameters; 
o IAUG denotes the augmented parameters which 
correspond to the input covariances and IEPHEM 
to the form of ephemeris uncertainty input (if 
any); 

o NEIGEN the number of time points at which the 
covariance is printed and TEIGEN is the array 
of time points; the exact times will correspond 
to whatever is available on the STM file, near 
the desired times, within the forward and back- 
ward time tolerances, T0LF0R and T0LBAK, 
respectively; the user shall keep in mind that 
thrust control events (switching of thrust 
policy or number of operating thrusters) are 
automatically printed at the exact times of occur- 


rence ; 


o EPTAU and EPSIG are required if thrust noise 


is present, otherwise DYN0IS = .FALSE, must 
be set; 

o J0BLAB is used for a job heading to describe 
this run. 

No other input needs to be included in 0G0DSEP, nor are scheduling 
or any other cards required. 

The most common GODSEP usage is the evaluation of a naviga- 
tion strategy and a set of error sources for the reference mission. 
This includes tracking, orbit determination (OD) , guidance and, 
possibly, prediction, propagation and eigenvector events for addi- 
tional data display. In this case, 0G0DSEP requires all of the 
inputs needed for the simple covariance propagation plus 
o C0NRD = .TRUE., and PG, CXSG, ...» PVG, for 
the a-priori control covariance if it is 
different from the input knowledge covariance, 
and TG, XG, GMASS to define the trajectory 

t 

epoch ; 

o Guidance event parameters: NGUID, TGUID, TCUT0F, 

TDELAY, C0NWT, IGP0L , IGREAD to denote 
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characteristics of the thrust update process; 
if IGP0L is zero for any guidance event (that 
is, an artifical guidance event whose sole 
function is to print the control covariance, 
analgous to an eigenvector event), then the 
corresponding event values in TCUT0F, TDELAY, 

C0NWT, and IGREAI' are ignored; 
o Other non -measurement events: NEIGEN and 

TEIGEN for eigenvector; NPRED, TPRED and 
TPRED2 for prediction; 
o IGAIN for the type of OD filter; 
o SIGMES, SIGRS, SIGL0N, SIGZ, C0RL0N for track- 
ing measurement noise standard deviations; 
o PUNCHE to denote at which event types punched 
card output is obtained (covariance and 
state) ; 
o NSCHED 

There are of course many optional parameters which may be input 
depending upon the particular GODSEP application. For example, if 
the number of 2-way doppler measurements per day is different than 
12, then D0PCNT should be changed, or, if the error analysis event 
schedule must be meshed with a fairly different STM grid, then the 
tolerances T0U0R and T0LBAK might be altered. 

With regard to schedule tolerances, the user should keep in 
mind the process of which events are chosen to be executed at which 
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STM time points. For example, in Figure 4-2, Event E^ will be per- 
formed at the STM time point STM (I). Event E^ will not be processed 

STM (1+1) 



Figure 4-2* Event and STM Meshing 

at all; if SCHFTL - .TRUE., then the run will be terminated immedi- 
ately, Events Eg and E^ will both occur at STM(I+1). In Figure 4-3, 
where T0LBAK is so large that it overlaps a previous STM point, E^ 
is still executed at STM(I) because an earlier STM point and its 
tolerances take precedence over subsequent STM points. Events E^, 
and E^ are all executed at STM(I+1), Thus, it is very important 
that some foresight be applied to creation of the STM file and some 
consideration be applied to the use of the STM file in event schedul- 
ing of a covariance analysis. 


STM(I+1) 
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A number ,of print and input /output options also exist in 0G0DSEP. 
One of the more important output controls is GAINCR which determines 
whether or not a GAIN file is to be created for a subsequent general- 
ized covariance analysis (Section 4.2.4). Another option is the 
punch flag, PUNCHE, which produces punched cards of state and cov- 
ariance for selected event types. This option is quite useful in 
subsequent error analyses to eliminate unnecessary repetition of 
mission segments, especially tracking arcs. 

Following the 0G0DSEP namelist are fixed field schedule cards 
which determine the type, density and span of measurements used for, 
navigation and the spacing of propagation events. Propagation 
events are used primarily to condition the process noise terms, in 
particular, to break up long propagation intervals, for example 
those greater than 50 days, wherein there are no other events and 
in which the effective process noise model breaks down. 

An option which can be used to facilitate parametric operation 
of GODSEP is storing the 0G0DSEP namelist on the GAIN file (GAINCR ■= 
.TRUE.) even if no subsequent generalized covariance analysis is 
intended. In any following error analysis run, setting ISTMF « 3 
in #TRAJ will cause the 0G0DSEP namelist to be read off the GAIN 
file and the user need only input those parameters in 0G0DSEP which 
are different from the run that created the GAIN file. The user will 
still, however, be required to input NSCHED and follow the 0G0DSEP 
namelist with the appropriate measurement and propagation event 
scheduling cards. 
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After the scheduling cards there exists the possibility of one 
more set of cards, the namelist tfGEVENT. If guidance events are 
requested and if any of the entries in IGREAD (in $G0DSEP) are non- 
zero, then the tfGEVENT namelist must be input immediately after the 
scheduling cards. If IGREAD = 2, gGEVENT allows input of VMAT, the 
variation matrix of target parameters with respect to guidance start 
state, SMAT, the sensitivity matrix of target with respect to guidance 
thrust controls and BURNP, guidance burn parameters. If IGREAD = 1 or 
2, gGEVENT also allows updating of values in C0NWT, NC0N, TARWT and UMAX. 
One tfGEVENT namelist is required for each non-zero entry in IGREAD up 
to the number of guidance events (NGUID). Using 0GEVENT increases the 
speed of a GODSEP run by eliminating guidance related computations 
already performed by earlier runs. A standard output at all guidance 
events are punched cards for VMAT, SMAT and BURNP whenever these 
matrices are computed and not already input. 

It is apparent that GODSEP input (Figure 4-4) is complicated 
because of the requirement for extensive analysis capability,, 



Figure 4-4. Standard Covariance Analysis Input 
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There is no substitute for experience in terms of what i'nput/output 
options are chosen and what sequence of GODSEP runs should be made 
for a specific mission or problem. 

4.2.3 Combined STM File Generation and Error Analysis 
In general, it is not recommended that GODSEP cases be stacked 
in a single run because: of the amount of output which the user 
should look at before submitting the next case. There is one recog- 
nized exception — combining the STM file generation with a standard 
covariance analysis. However, even this stacked case is not without 
peril because of the danger of miscreating the STM file with subse- 
quent operation by an unsuspecting covariance analysis. The combined 
STM generation and analysis run may be used for two reasons: (1) the 
covariance analysis is a simple check case to verify the adequacy of 
the STM file, or (2) the reference mission is relatively unique and 
no further analysis is anticipated. 

The inputs to MAPSEP are straightforward (Figure 4-5) and 


/) j 



Figure 4-5. Combined STM Generation and Error Analysis Input 


follow the detailed descriptions contained in Sections 4.2. 1 and 
4.2.2 for generation of the STM file and covariance Analysis, respec- 
tively. Since GODSEP does not retain event information from one run 
to the next, the event and scheduling cards used to generate the STM 
file must be repeated for the error analysis (assuming the STM file 
is to be applied, only for that error analysis). 

4.2.4 Generalized Covariance 

A standard covariance analysis (SCOV) assumes the OD filter 
knows percisely the form, behavior and initial level of any process 
uncertainties, and can estimate and/or consider their appropriate 
effects. Generalized covariance (GCOV) is used to examine differ- 
ences between the assumed and real-world uncertainties as they 
interact with the OD process. Thus, an explicit requirement for 
exercising the GCOV option is a previous SCOV run which has written 
its filter gains on a GAIN file (GAINCR = .TRUE, in 0G0DSEP). The 
GCOV run(s) can be stacked behind the SCOV, although this is generally 
not recommended. • * 

Exercising GCOV requires two tapes or files, STM and GAIN. The 
£TRAJ namelist requires only M0DE = 2 and ISTMF = 3. The 0G0DSEP 
namelist also requires only a few inputs because the measurement, 
propagation, and print schedule, a-priori covariance, noise levels, 
etc, are all obtained from the GAIN file. Thus, 0G0DSEP input is 
O GENC0V = .TRUE, and GAINCR = .FALSE.; 
o IAUG to activate ignore parameters, that is, 
those parameters known to the real-world 


(GCOV) but not by the assumed world (SCOV); 
note that only those parameters not already 
activated as solve-for or consider in the 
SCOV are available to be used as ignore 

\ 

parameters; 

o CXW, CSW, CUW, CVW, PW (covariance terms) for 
the ignore parameters; 

o Any parameters to be mismodeled, for example, 
covariance P, CXS, ..., PV f measurement 
noise SIGMES, thrust noise EPTAU and EPSIG, 
etc.; 

o Changes in events, although this is not 
recommended because it may alter the cov- 
ariances even without mismodeling. 

If the user is confident of his input, then several cases of 
GCOV can be stacked (by repeating the $TRAJ and #G0DSEP input 
described above). Such a run-might include, for example, comparison 
cf different thrust noise levels and correlation times, from those 
assumed by the OD filter. The sensitivity to mismodeling of thrust 
errors can be a very important criteria in the choice of an OD filter 
for low thrust missions. 

4.2.5 PDOT 

One of the key assumptions in a standard covariance analysis is 
the effective thrust noise model. A means of evaluating this model, 
as well as other dynamic modeling assumptions is the explicit 
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integration of the covariance matrix differential equations (PDOT). 
This is in contrast to the transition matrix methods used in the 
standard covariance analysis. 

Since no transition matrices are required, the STM file is not 
needed except in the possible case where a default S$TRAJ namelist is 
desired which contains reference trajectory parameters. In this 
case, M0DE = 2 and ISTMF = 2 are the only inputs required in #TRAJ. 
Otherwise, the normal 0TRAJ inputs are required: TLNCH, ..., NB, 

along with M0DE = 2 and ISTMF = 0. 

The #G0DSEP namelist and scheduling cards are identical to that 
used in the standard covariance run (Section 4.2.2) except for 
PD0T = .TRUE. Most of the options are also available, for example, 
generalized covariance. 

There are a number of restrictions on PDOT capability because 
of its function as a support option intended to check on covariance 
propagation modeling. In particular, no prediction or guidance events 
can be performed. Furthermore, if the input covariance epoch, TCURR, 
is not equal to the trajectory epoch, TSTART (in S$TRAJ), then STATE 
and SCMASS in $TRAJ must be altered and correspond to TCURR. 
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4.3 Trajectory Simulation - SIMSEP 

The two main purposes of trajectory simulation are to examine 
(1) deterministic trajectories, especially the effects of dynamic 
nonlinearities, and (2) the impact of process mismodeling on 

trajectory errors. Each trajectory is simulated in an operational 

i 

environment with a parallel set of "real world" and "assumed world" 

conditions. The real world conditions are randomly selected from a 

set of uncertainties associated with the dynamic, environmental, and 

systems models. The assumed world conditions represent a best 

estimate of what the real world is like. It is obtained by direct 

(but corrupted) and indirect observations of the real world processes. 

The trajectory or mission is carried through a set of trajectory 

related events, e.g., orbit determination and guidance, until a 

Stopping condition is reached, usually target encounter. 

% 

Once a mission has been completed, the trajectory is character- 
ized by fuel expenditure, terminal error, magnitude of thrust control 
updates, etc. In line with the main objectives, a comparison can 
then be made between real and estimated world terminal conditions. 
Furthermore, it will also be possible to make a comparison between 
real (and estimated) terminal conditions computed in SIMSEP and 
results computed in an equivalent linear error analysis run. Based 
upon these comparisons many actions may be taken, the most obvious 
being an update of assumed world processes and models to reflect the 
real world more accurately. 

SIMSEP has been designed to run a sequence of trajectory simu- 
lations in order to generate statistics on the terminal conditions. 
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Clearly, the confidence attached to these statistics is largely 
dependent on the number of samples taken. As a consequence, this 
Monte Carlo approach is, generally, very expensive in terms of 
computer processing time. This often restricts SIMSEP operation 
to a support role or to analysis of specific processes, e.g., ter- 
minal guidance algorithms or thrust noise effects. 

Because SIMSEP can have a complicated input, and is expensive 
to run, it is recommended that a zero-error case be made first to 
prevent undue expense as a result of input mistakes. This involves 
running a single cycle of the reference mission, including all guidance 
events and related inputs, but with zero-values input for dynamic errors 
or knowledge uncertainties. The results from one mission cycle with no 
errors should compare favorably with the targeted reference trajec- 
tory obtained from T0PSEP, except for small differences due to 
numerical integration noise. After a successful zero-error case, 

SIMSEP can be executed to examine any desired problem.; 

4.3.1 Single Cycle - No Error 

The zero-error case is a means of verifying the basic mission 
input and is one of the easiest SIMSEP runs to make (Figure 4-6). 



Figure 4-6. 


SIMSEP Mode Input 
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After the standard $TRAJ namelist containing TLNCH, , NB, 

and M0DE = 3, the input to gSIMSEP is NGUID for the number of 
maneuvers or guidance events and INREF =0, forcing SIMSEP to 
compute reference trajectory conditions at each event and at the 
final time. For each guidance event, there must be a corresponding 
gGUID namelist containing 

o KTER to determine whether or not target conditions are to 
be computed after this guidance event in order to evaluate 
its success; 

.o TGUID for the maneuver epoch; 
o ITARGT and IGUID for the guidance philosophy; 
o H array to define the active low thrust control parameters 
for this guidance event; note that controls can be either 
an impulsive delta-velocity or low thrust parameters and 
if they are impulsive no entries are necessary in H; 
o NTP for the target body code; 
o TTARG fot the target time; 
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o UWATE for control parameter weights; 

o TART0L for allowable tolerances on the target errors; and 

o NMAX for the maximum allowable number of iterations if non- 
linear guidance is specified. 

The zero-error case should result in extremely small guidance 
corrections and target errors. Besides confirming the mission and 
guidance input, a zero error case will generate punched card output 
(independent of IPUNCH) which will greatly facilitate subsequent SIMSEP 
runs. Assuming INREF = 0, the punched cards will include at each guid- 
ance event, the reference state, mass, target variables and either a 
sensitivity matrix of target parameters w.r.t. control parameters (for 
the nonlinear guidance case) or a guidance matrix of control correc- 
tions w.r.t. state errors at the guidance time (for linear guidance). 
The reference state and mass at the trajectory end (TEND) time will 
also be punched. 

4.3.2 Single Cycle - Forced Monte Carlo 

A very useful method of evaluating either specific errors or worst 
case missions is a '’forced’' Monte Carlo run. With the random number 
seed, IRAN, set to zero, all error sources are set at their one sigma 
levels. Thus, discrete known levels of errors can be studied, instead 
of randomly sampled. Of course, if all the error levels are one-sigma, 
the mission itself may represent a very improbable case, possibly as 
high as 100 CT . 

Input for a forced Monte Carlo run is the same as for the 
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previous zero-error case with the obvious exception of non-zero 
errors. The $TRAJ namelist is the seme, and the 0SIMSEP namelist 
contains 

o IRAN = 0; 

o Ephemeris and gravitational errors: EPHERR, GMERR; 

NEP2 to identify the ephemeris body(s); TEPH for the 
epoch(s) at which ephemeris uncertainties are 
evaluated; , 

o Spacecraft and thrust related errors: SCERR, TCERR, 

TVERR; 

o AV execution errors: EXVERR, if there are impulsive 

maneuvers; the chemical propulsion specific impulse SPFIMP 
o The control covariance, PG, representing the initial 
position and velocity uncertainties; a forced Monte 
Carlo state error consists of a vector containing 
the square root of each eigenvalue rotated back into 
state space; 

o A0K, the upper bound of acceptable quadratic target 

error for non-linear guidance events (total convergence 
occurs when the quadratic target error is less than 
unity); 

o INREF = 0, or if reference conditions are available, 
then INREF = 1, and the reference state and mass at 
the final time (XEND and MEND, respectively) must 
be input; 
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o NGUID for the number of maneuvers. 

Each ^GUID namelist must contain 

o KTER, TGIIID, NMAX , the guidance characteristics 

as in the zero error case; 

o If INREF = 1 in ^SIMSEP, then the reference state 

(XGREF and mass MGREF) at the maneuver epoch, target conditions 
(TARGET, XTREF, MTREF) and either the sensitivity matrix 
for nonlinear guidance or the guidance matrix for 
linear guidance (S) must all be input; 

° KDIMEN to denote the augmented parameters to the space- 
craft state which have been estimated for this maneuver; 

NEP identifies the ephemeris body if the augmented state 
includes ephemeris or gravitational parameters; 
o P, PS, CXS are estimation uncertainties corresponding 
to the spacecraft state, augmented parameters and 
correlations, respectively. 

The forced Monte Carlo option is often used in parametric fashion 
to study specified levels of a particular error source, for example, 
thrust noise. Stacked cases can be used to perform the parametric 
study by repeating the namelist sequence )*TRAJ, 0SIMSEP and the 
appropriate number of ^GUID's. An alternate, and more efficient, 
method is to set M0DE = -3 in the first case 0TRAJ namelist and 
make use of the fact that the initial #SIMSEP and /GUID namelists 
are saved on disc. After the first case, the ftS IMSEP and ^GUID 
namelists are repeated for each subsequent case. If this 
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operational procedure is used, those variables that are different 
from the first case need to be redefined during input after the vari- 
ables read during the previous analysis are set to zero. In addition, 
the user must be careful to read zero-length namelists, i.e. $SIMSEP 
or $GUID card followed by a $END card, for all namelists nominally 
requested even if the original is unchanged. 

4.3.3 Monte Carlo 

The most often used application of SIMSEP is in the Monte Carlo 
mode where all mission uncertainties are sampled and the trajectory 
is simulated accordingly. By looking at a number of typical missions, 
each with varying degrees of expected errors, an idea of the trajec- 
tory errors and required control corrections can be obtained. Sta- 
tistical analysis of key parameters, such as final target error and 
mass, total required thrust control correction, etc. should evaluate 
or define realistic system constraints and probability of mission 
success. Obviously, a large number of missions, on the order of 
hundreds, are needed to have reliable statistical data, but even a few 
sample missions will reveal the scope of trajectory non-linearities 
and mis-modeling effects. 

Input to a full Monte Carlo simulation is basically the same 
as that for the forced Monte Carlo. The namelists gTRAJ, gSIMSEP, 
and J5GUID are all needed with parameters as specified in the previous 
section. Additional variables to be considered in J$SIMSEP are 

o I0UT to specify which sample missions are.. to be 
printed in detail; if only a few missions are 
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generated then all of them should be printed; 
o IPUNCH = 1 to provide punched cards of all the cumula- 
tive statistics at the end of the run; this will allow 
a subsequent run to continue the statistical analysis 
rather than starting anew; 

o IRAN is the random number seed, typically set to unity 
for the first Monte Carlo run; 
o NCYCLE for the number of missions to be simulated; 
o CPMAX is an optional parameter for maximum computer 
processing time; if the actual processing time 
approaches CPMAX and it is estimated that the desired 
number of missions (NCYCLE) cannot be completed, then 
the current mission is completed and final output is 
generated. This includes punched cards for restarting another run 
The cost of simulating one sample mission with a number of guid- 
ance events can be quite high, especially if nonlinear guidance is 
use' 1 ,. Therefore, it is recommended that considerable planning be 
made before a full Monte Carlo study is run. Some of the possible 
short cuts are increasing the trajectory integration step size (STEP 
in tfrRAJ), using linear guidance wherever possible, minimizing the 
maximum number of iterations ( NMAX in gGUID) for nonlinear guidance, 
and eliminating unnecessary computations (for example, KTER = 0 in 
#GUID). Another possibility is simulating only key mission segments, 
in particular the terminal approach phase, and studying other segments 
with a few simulations and/or with the forced Monte Carlo option. 
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4.3.4 Monte Carlo Continuation 

It is often wise to divide a Monte Carlo analysis into smaller 
sample sizes than one large run. This serves two purposes: (1) the 

early detection of input errors before sizable computer time is spent, 
and (?) examination of missions as they are generated. The latter rea- 
son could conceivably result in a change in guidance strategy which 
would cause the Monte Carlo study to begin again. 

A prerequisite to the Monte Carlo continuation are punched cards 
containing statistical results of all previous runs (IPUNCH = 1 in 
JSSIMSEP). The input to a Monte Carlo continuation is the same as in 
the previous section except for inclusion of the cumulative statistics. 
In $SIMSEP these include the total thrust control correction covari- 
ance (only of the active controls used in guidance events) ATHCOV, 
total Av variance, ADVT, state covariance at the final time ENDCOV, 
final spacecraft mass variance AMASS, and the number of Monte Carlo 
cycles used to generate these statistics, MC. In each jSGUID namelist 
the parameters to be included are: state control covariance CC0VG, 

AV covariance DVMC0V,IV magnitude variance DVMAG, spacecraft mass 
variance GMSC0V, thrust control correction matrix CNTC0V, state error 
covariance at the target time CC0VT, spacecraft mass variance at the 
target time TMSC0V, target error covariance TARC0V. CC0VT, TMSC0V, 
and TARC0V are computed only if KTER = 1. The number of maneuvers 
used in computing these statistics is specified by the variable MSAMP. 
All of the matrices noted above contain not only variances and covari- 
ances but also the cumulative mean values. 


Note that the number of samples used to generate each maneuver 
may be different from each other and from the number of samples 
used to generate the total mission statistics. This results from 
maneuvers which do not converge or fail to achieve the weak con- 
vergence criteria (A0K) and are not included in the cumulative 
statistics. A divergent maneuver is taken to be "catastrophic" and 
the current Monte Carlo mission cycle is terminated with no further 
guidance events or statistics being computed until the next cycle. 

Additional input for the Monte Carlo continuation run is the 
random number seed (IRAN in 0SIMSEP) which is typically set to the 
number of the next cumulative Monte Carlo cycle to be run. No 
changes in the reference trajectory, guidance strategy or error 
sources should be made between runs, otherwise the statistical 
results will be invalidated. 
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A .A Case Stacking and Mixed Mode Operation 
Case stacking is generally not recommended within modes and 
definitely not recommended for mixed mode operation. There is too 
much room for error, even for the experienced user, to assume the 
input and operation of one case will successfully provide the 
required data for the next case. There are a few exceptions which 
might warrent case stacking, and some of these conditions have been 
discussed in previous sections. 

The M0DE flag in namelist #TRAJ controls not only the mode 
(TOPSEP, GODSEP or SIMSEP), but also the point to which program 
logic will cycle back. A positive M0DE will return to MAPSEP main 
and will expect a 0TRAJ namelist for the next case. A negative 
M0DE will return to the mode main and expect a mode namelist. Note 
that once recycling is done within the mode, logic will never return 
ta MAPSEP main, therefore, (1) any subsequent cases must apply only 
to that mode and (2) no changes to the reference mission are allowed. 

Some of the possible conditions under which case stacking might 
be. performed are: 

MODE 

Mode Flag Function Conditions 

TOPSEP +1 Trajectory Generating time histories for 

Propagation different missions. 

XQPSEP +1 or -1 Initial Generating more than one ini- 

Guess tial guess for subsequent 

targeting by applying different 
sets of initial conditions, 
thrust parameters, and/or 
mission constraints for each 
case. 
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Mode 

M0DE 

Flag 

Function 

Conditions 

TOPSEP 

-1 

Grid 

Generation 

Extending the scope of the tra- 
jectory grid. 

TOPSEP 

-1 

Targeting 

Examining various targeting 
strategies for a given mission. 

CODSEP 

+2 

STM 

Generation • 

Generating a STM file with 
verification by a simple error 
analysis check case. 

GODSEP 

+2 

Covariance 

Analysis 

Generating a STM file for a 
unique mission with a subsequent 
error analysis. 

GODSEP 

+2 

. Covariance 
Analysis 

Analyzing different navigation 
strategies and/or error sources 
for the same mission. 

GODSEP 

+2 

Generalized 

Covariance 

Performing a standard error 
analysis to generate a GAIN 
file and using generalized cov- 
ariance to evaluate suspected 
mismodeling effects. 

GODSEP 

+2 

Generalized 

Covariance 

Analyzing different mismodeling 
assumptions with generalized 
covariance runs. 

GODSEP 

+2 

PDOT 

Performing parametric variations 
of dynamic error sources and 
evaluating their covariance prop- 
agation effects with the PDOT 
option. 

SIMSEP 

+3 

Missions 

Simulating several different 
missions for comparison. 

SIMSEP 

+3 

Errors 

Examining different sets of error 
sources on the same mission 
(forced Monte Carlo). 

SIMSEP 

-3 

Guidance 

Examining different guidance 
strategies for a given mission. 
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